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(54) Crystal-oriented ceramics and methods for producing the same 

(57) A crystal-oriented ceramic lias an isotropic per- 
ovskite-type-structure of not smaller than 10 % in Lot- 
gering orientation degree. The ceramic may contain at 
least one of Bi. Sr and Ca. A host material, a raw mate- 
rial capable of producing a guest material and an addi- 
tive having the ability of converting a host trraterial Into a 
guest material are mixed and roll-pressed, and sintered 
under heat to give the crystal-oriented ceramic as a 
large-sized and bulky material. This aystal-oriented 
ceramic has good crystal orientation-dependent char- 
acteristics including piezoelectricity, pyroelectricity, ionic 
conductivity, giant magneto-resistivity effect, etc. This 
crystal-oriented ceramic can be produced by orienting 
epitaxially the multi-crystals of an isotropic perovskite 
oxide according to the orientation of the crystal plane or 
axis of a host material. The ceramic can be applied to 
an inexpensive and large-sized device. The host mate- 
rial may be a magnetoplumbite-type-structured or 
Sr2Nb207-type-structured material, and may be com- 
posed of morphologically-anisotropic grains. 
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Description 

BACKGROUND OF THE INVENTION 
Field o1 frie Invention: 

The present Invention relates to cf ystal-oriented ceramics which comprise an oxide having an isotropic perovskite- 
type structure, and to methods for producing them. 

The terminology, isotropic perovskite-type structure as referred to herein means a crystal structure which is gener- 
ally referred to as a perovskite-type structure but specifically has a cubic system or a slightly-distorted cubic (pseudo- 
cubic) system. This Isotropic perovskite-type structure herein referred to shall t>e definitely differentiated from a layered 
perovskite-type structure. 

Description of the Related Art: 

Some proposals have heretofore been made for the technique of orienting the crystal planes or the crystal axes of 
polycrystalline ceramics. By orienting specific crystal planes or axes of pdycrystalline ceramics, their characteristics 
that depend on the specific aystal planes or axes can be significantly improved. Through such orientation, therefore, it 
is possible to obtain polyaystailine ceramics having characteristics similar to those of single crystals. 

Especially for ferroelectric polycrystalline ceramics, of which the characteristics greatly depend on their crystal 
axes having polarity, if the crystals constituting them are oriented, tfierr characteristics based on the polarity, such as 
the amount of remnant polarization, are said to be improved over those of non-oriented polycrystalline ceramics in 
which the crystals constituting them are not oriented. Various patent applications and technical reports for such crysfal- 
oriemed polycrystalline ceramics have heretofore been made. 

For magnetic materials, it is reported that magnetic heads comprising crystal -oriented fen-ite ceranracs have 
improved in abrasion resistance and therefore their life times are prolonged (see Powders and Powder Metallurgy. Vol. 
26, No. 4, pp. 123-130, 1979). 

Various means and methods of orienting polycrystalline ceramics have heretofore been dsclosed, some of which 
are referred to hereinunder. 

For example, when a polycrystalline ceramic having a layered perovskite-type structure such as typically bismuth 
titanate {Bi^Ti^O^^, of which the surface energy at a specific crystal plane is much smaller than that at the other crystal 
planes, is hot-forged under uniaxial pressure with heating, it is converted into a dense, aystal-oriented ceramic in which 
the crystals constituting it are uniaxially oriented (see Jpn. J. Appl. Ptiys., Vol. 19, No. 1, pp. 31-39. 1980). This tech- 
nique is to orient a substance having high crystal anisotropy in a stress field. 

Substances having high crystal anisotropy, such as bismuth titanate mentioned above, can be produced in the form 
of powders of plate-like or needle-like grains. A method is known in which the powders having such morphological ani- 
sotropy are tape-cast in strips or extruded along with binders or liquids whereby they are oriented, and thereafter the 
shaped articles are sintered through heat treatment to obtain aystal-oriented ceramic articles (see J. Am. Ceram. Soc. , 
Vol. 72, No. 2, pp. 289-293, 1989). 

In the preprint of ISAF '96, page 21 1 (1996), t)lade-like grains of Sr2Nb207 and fine grains of SrgNbjOy were mixed 
in such a ratio that the Wade-like grains accounted for from 5 to 15 % by volume, and sintered while orienting the tilade- 
like grains to obtain sintered, crystal-oriented articles of SrgNbgOy. 

In the preprint of ISAF '96, page 223 (1996), plate-like grains of Bi4Ti30i2 and fine grains of Bi4Ti30i2 were mixed 
in such a ratio that the plate-like grains accounted for from 5 to 15 % by volume, and tape-cast into a sheet while ori- 
enting the plate-like grains, and the resulting strips cut out of the sheet, are laminated and sintered at from 900 to 
1000°C to obtain sintered, aystal-oriented laminates of Bi4Ti30i2 

The technique common to these two reports are herein refen-ed as TGQ (tenplated grain growfrt). 

In J. Am. Ceram. Soc., 78 {6], 1687-1690 (1995), Hiaro et al. disclosed a method for obtaining sintered, crystal-ori- 
ented laminates, which comprises mixing p-Si3N4 grains (seeds), which are rod-like single crystals, and fine grains of 
a-Si3N4 along with sintering aids, tape-casting the resulting mixture into a sheet through a doctor-btading device, and 
laminating the resulting strips cut out of the sheet. 

The above-mentioned techniques are all to orient materials having morphological anisotropy in a stress field. 

MO • eFeaOa (where M denotes an element such as Ba, Sr, Pb or the like) having a magnetoplumbite-type struc- 
ture is known as a typical hard ferrite, and is produced in various methods, such as solid phase or liquid phase methods, 
etc. (see J. J. Went, et a!.. Philips Tech. Rev. 13, 194 (1952), H. Yamamoto & R. Takeuchi. Powders and Powder Metal- 
lurgy, 43 (8), 984-989 (1996); Japanese Patent Application Laid-Open No 56-50200). 

This material has an axis of easy magnetization in Its c-axial direction, and therefore the orientation of the material 
can be controlled by shaping or sintering the material in magnetic field. Through such controlled orientation, this mate- 
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rial can be formed into a sintered, crystal-orierrted body, of which ttie degree of c-axis orientation is, wtien measured 
according to X-ray diffractometry (in Lotgering method), more than 90 % (see H. Taguchi. Electroceramics, July, 49-55 
(1991); T. Shimoda, Electroceramics, July, 16-22 (1991)). In this case, since the large grains being oriented in the sin- 
tering step grow, while absorbing fine grains that are poorly orientaWe, it is known that the degree of orientation of the 
material increases with the growth of the large grains. 

The CTystal grains of such a material having a nragnetoplumbrte-type structure grow easily in the a-axial direction. 
Therefore, when the material is produced in a liquid phase method or the like, it is easy to obtain hexagonal plate-like 
grains of the material with morphological anisotropy having an expanded c-plane. In addition, it is possible to orient the 
grains of the material through compression molding, doctor blading or extrusion, in which are obtained sintered, crystal- 
oriented Ixxlies with c-axial orientation (see Japanese Patent Application Laid-Open No. 55-154110). This technique is 
to orient the material with magnetic anisotropy and morphological anisotropy in a magnetic or stress field. 

The above-mentioned techniques are to obtain oriented sintered bulks through the mechanism that conrprises pre- 
viously orienting a material with nrorphological anisotropy or magnetic anisotropy in a stress or magnetic field, followed 
by heating to thereby grow the oriented grains under heat. In this mechanism, the fine and poorly-orientat)le grains that 
exist along with the easily-orientable grains are not oriented and are absorbed by the oriented grains, while the oriented 
grains grow under heat 

However, these techniques are to attain the homoepitaxiai growth of grains in a solkJ phase, and are therefore prob- 
lematic in that they are applicable to the orientation of only materials with morphological or magnetic anisotropy to give 
crystal-oriented bulks of the materials. 

It was posstole to produce crystal-oriented ceramics such as spinel-type-structured fen-ite according to so-called 
topotaxy, in which a powder mixture containing periodic-bond-chain-fbrming plate-like grains of, for example, a-type iron 
oxide, is shaped with increasing the degree of crystal orientation of the grains constrtuting the shaped product, where- 
upon the grains, and after the reaction upon heating, the reaction product, for example, ferrite inherit their orientation 
axes from the starting grains (see Electronic Ceramics. '91 , July, pp. 56-63. 1 991). 

This technique is problematic in that it is effective only in the combination of the starting material that satisfies the 
steric lattice conformity applicable to topotaxy and the product from the starting material, for example, tiie combination 
of the starting material, iron oxide and the ceramic product, femte. 

Apart from this, however, it was difficult to produce crystal-oriented ceramics having isotropic crystal forms of a 
cubic system or having pseudo-isoti'opic crystal forms of a slighfly-distorted cubic system, if not starting from aniso- 
tropic materials with three-dimensional lattice conformity applicable to topotaxy. To produce such crystal-oriented 
ceramics, therefore, an expensive technique of growing single crystals was inevitable, and the producifcMlity in this tech- 
nique was poor 

Many ferroelectrics that are important in various engineering fields, such as typically PZT (compound name: zirco- 
nium lead titanate) and barium trtanate, have a crystal form of a perovskite-type structure, which is a cubic structure or 
a slightly-distorted cubic structure, and their anisotropic characteristics greatly depend on tiie distorted direction. 

However, the crystallographic anisotropy of these substances is very small, and it is therefore extremely difficult to 
produce powders with morphological anisotropy from these. In addition, the periodic-bond-chain-forming oxides of Ti, 
Zr, Nb or the like In tiiese are similar to the periodic-bond-chain-lbrming oxides in perovskite-type-structured sub- 
stances in terms of the long-range structure unit, and powders of these substances with morphological anisotropy can- 
not be produced. Therefore, it was difficult to control the orientation of these substances through topotaxy (see K. 
Kugimiya & K. Hirota, Electroceramics, July, pp. 56-63 (1991)). 

Patent publications were issued which relate to a technique of producing oriented ceramics of lead titanate or bar- 
ium titanate from potassium titanate f bers or their derivatives, fibrous titanium oxide and fibrous titanium oxide hydrate 
(see Japanese Patent PiiDlication fvlos. 63-24949, 63-24950, 63-43339, 63-43340, 63-43341). In principle, however, it 
is extremely difficult to produce crystal -oriented ceramics from potassium titanate fibers and their derivatives having a 
Ti-0 bond network that is different from tiie network of a perovskite-type structure. 

This is because, ©/en if grains of potassium titanate fibers and their derivatives could be oriented, the reaction to 
produce perovskite-type-sti-uctured compounds from them shall inevitably involve the re-arrangement of the Ti-O bond 
skeleton, and it is extremely difficult to still maintain tiie crystal orientation during the re-arrangement. 

Another method of obtaining crystal-oriented ceramics having a crystal-oriented, perovskite-type structure com- 
prises forming a thin film on a substrate through sputtering, chemical vapor deposition (CVD), sol-get deposition or the 
like. To this, applicable is a known technique of epitaxy that shall occur between tiie specific crystal plane in the per- 
ovskite-type structure and the surface of the sutstrate having good lattice conformity with the specific crystal plane, or 
of self-texture that brings about the orientation of the specific crystal plane irrespective of the crystal orientation of the 
substrate but owing to tiie difference in the surface energy or the difference in the supply of elements. 

However, this method is problematic in that it takes much time to produce thicker films, resulting in tiie increase in 
the production costs. In this method, in addition, the film to be formed is restrained by the substrate. Therefore, if a 
thicker film is formed in this method, it is often cracked or peeled from the substrate during heat treatment, due to the 
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stress resulting from the crystallization and densification of the film or due to the difference in the degree of thermal 
expansion between the film and the sutstrate. If so, the film formed is broken. 

For these reasons, it is extremely difficult to obtain crystal-oriented ceramic films having a thickness of larger than 
5 iim. according to this method. 
5 Therefore, this method is unsuitable for the production of bulky materials. As has been mentioned hereinabove, it 
was difficult to produce crystal-oriented ceramics having a perovskite-type sfructure, exc^t lor ttie expensive technique 
of growing single crystals with poor producibility. 

Known are crystal-oriented ceramics, in which a plurality of crystal planes or axes are oriented in three^imensional 
orientation. 

10 Crystal-oriented ceramics of that type can be produced by hot-pressing ceramic grains with morphological anisot- 

ropy in different directions. Japanese Patent Putdication No. 01 -32186 discloses the production of sintered bodies with 

three-dimensional orientation directly from grains with morphological anisotropy. 

Japanese patent applications were laid open, which relate to the production of spinel-type-structured magnetic 

ceramics with three<limensional orientation by extruding flaky or needle-like grains and in which the grains are three- 
15 dimensionally oriented through topotaxy (see Japanese Patent Application l^id-Open Nos. 49-1 29892, 56-21 81 0, 56- 

27902). 

However, according to the above-mentbned techniques, it was impossible to produce crystal-oriented ceramic 
bulks having isotropic crystal forms of a cubic system or having pseudo-isotropic crystal forms of a slightly-distorted 
cutjic system, if not starting from anisotropic materials with three-dimensional lattice conformity applicable to topotaxy. 

20 To produce such crystal-oriented ceramic bulks, an expensive technique of growing single aystals was tnevitafc»le, and 
the producibility in this technique was poor. 

For producing devices with excellent characteristics by orienting the crystal axis of a functional thin film comprising 
an isotropic perovsWte-type compound, such as PZT (zirconium lead titanate), or a functional thin film comprising a lay- 
ered perovskite-type compound such as a high-temperature superconductor, it is known to form the functional thin film 

25 on a single-crystalline substrate, for example, MgO. AI2O3, or an isotropic perovskite-type conr^jound. such as SrTiOs, 
which has epitaxial relation to the conpourxi of the film being formed. 

In particular, it is especially prefen-ed to use a substrate comprising single crystals of SrTiOs or the like isotropic 
perovskite-type compound having good lattice conformity to the substance of ttie thin film to be formed on the substrate. 
In this preferred case, obtained are thin films with better crystallinity and orientation. 

30 According to the above-mentioned method, it is possiWe to form a functional thin film comprising the above-men- 
tioned compound, directly on the above-mentioned single-aystalline substrate. If desired, electrodes or other devices 
may be formed on the single-crystalline substrate, and a functional thin film comprising the above-mentioned compound 
may be formed thereover. 

Where electrodes are formed on the single-crystalline substrate, an electroconductlve thin film of a metal such as 
35 Pt, or of an electroconductive perovskite-type compound such as LaNiOS, which has epitaxial relation to the substrate, 
is formed on the substrate, and thereafter a functional thin film comprising the above-mentioned conrpound is formed 
over the electroconductive thin film through sol-gel deposition, sputtering, laser ablation or the like. In this process, the 
functional thin film formed is epitaxially oriented relative to the single-crystalline suisstrate. 

One example is disclosed in J. Appl. Phys., 60 [11,361-367(1986). in which is formed a thin oriented film of PbTiOS 
40 on a siijstrate of epi{lOO}Pt/{100}MgO single crystals. 

Jpn. J. Appl. Phys., 16, 1707-1708 (1977) discloses the formation of a thin, epitaxlally-oriented film of 
(Pb,La)(Zr,Ti)03 on a substrate comprising single crystals of SrTiOa- 

Japanese Patent Application Laid-Open Nos. 6-310769 and 7-309700 disclose the formation of a thin, high-tem- 
perature superconductive film conprising a layered perovskite-type compound on a substrate comprising single crys- 
45 tals of SrTiOs. In addition, it is known to form a thin ferroelectric film having an isotropic perovskite-type structure over 
the high-temperature superconductive thin film, while using the high-temperature superconductive thin film as an elec- 
trode that acts also as a tenplate. 

Appl. Phys. Lett-, 69 [22], 3432-3434 (1 996) discloses a device as produced by forming a thin film of isotropic per- 
ovskite-type-structured Ndo jSro.sMnOs having a giant magneto-resistivity effect on a substrate of single crystals of 
so l^AIOs, followed by further forming a thin film of isotropic perovskite-type-structured YBa2Cu307 thereover. 

As the single-crystalline sut)strate. mostly used are isotropic perovsWte-type-structured substrates. This is because 
isotropic perovskite-type-structured or layered perovskite-type-structured oxide-type single-crystalline substrates are 
usable as templates for uniaxial orientation and epitaxial growth of most thin, isotropic perovskite-type-structured, func- 
tional films. 

55 However, isotropic perovskite-type-structured oxide single-crystalline substrates are expensive, and large-area 
wafers are difficult to form thereon. Therefore, even if various thin films are formed on such expensive single-crystalline 
substrates, it is difficult to obtain low-priced devices. In addition, if large-area devices (having an area of 100 mm^ or 
larger) are formed on such single-crystalline substrates, the yield of the devices is low. 
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In acWition, commercially-available, oxide-lype single-crystalline substrates are limited. For example, lor isotrqatc 
perovskite-type compounds, only SrTiOs, LaAIOs and the like are commercially available. Given this situation, it is dif- 
ficult to obtain single-crystalline substrates having good lattice conformity with functional thin films to be epitaxially 
grown on the substrates. If the lattice conformity of the single-crystalline sutstrate with the functional thin film formed 
5 thereon is poor, the degree of orientation of the functional thin film formed is low. resulting in that the property of the 
device formed is unfavorable. 

SUMMARY OF THE INVENTION 

10 In consideration of the above-mentioned problems, one object of the present invention is to provide crystal-oriented 
ceramics, which have excellent, crystal orientation-dependent characteristics. The crystal-oriented ceramics can be 
produced easily and inexpensively in thick bulks. Another object is to provide methods ftx producing such crystal-ori- 
ented ceramics. Stilt another object is to provide crystal-oriented ceramic substrates, on which can be formed functional 
thin films with a high degree of orientation. The crystal-oriented ceramic substrates, even having a large area, can be 

15 produced easily and inexpensively. Yet another object is to provide devices comprising such crystal-oriented ceramic 
substrates. 

The first aspect of the present invention is to provide a crystal-oriented ceramic comprising an isotropic perovskite- 
type-structured oxide and having a degree of crystal orientation of not smaller than 10 % as measured according to the 
Lotgering method. 

so An isotropic perovskite-type-structured oxide is oriented to give the crystal -oriented ceramic of the first aspect of 

the invention, of which the characteristics ttiat depend on the crystal orientation of the thus-oriented oxide are much 

more improved than those of ordinary polycrystalline ceramics. 

TWs improvement can be attained when the degree of crystal orientation is not smaller than 1 0 %, b)ut is much more 

remarkatrfe when the degree of crystal orientation is higher 
25 Preferably, the degree of crystal orientation to be measured according to the Lotgering method is not smaller than 

30%. 

As the characteristics of the crystal-oriented ceramic of the invention, referred to are at least one or rtrore of its pie- 
zoelectricity, pyroelectrlcity, thermoelectricity, ionic conductivity, electronic conductivity, magnetism, giant magneto- 
resistivity effect, and electro-optic effect. Based on its various characteristics such as those mentioned above, the crys- 

30 tal-oriented ceramic of the present invention is usable as a functional ceramic material having many applications, for 
exanple, in at least one or more of sensors such as acceleration sensors, pyroelectric sensors, ultrasonic sensors, 
magnetic sensors, electric-field sensors, temperature sensors, gas serisors, etc.; energy conversion devices such as 
thermoelectric converters, piezoelectric transformers, etc.; as well as piezoelectric actuators, ultrasonic motors, reso- 
nators, capacitors, ionic conductors, electronic conductors, photo-switches, polarizers, etc. 

35 The Lotgering method is referred to hereinunder. 

The degree of crystal orientation, Q(HKL), of the crystal-oriented ceramic to be measured according to the Lotger- 
ing method is defined by the following equation (1) 

Q(HKL) = [{2:-|(HKL)/5:i(hkl) - 2'l(j(HKL)/5:io(hkl)}/{1 - E'lo(HKL)/£l(,(hkl)}] x 10O (%) (1) 

In this equation (1), l(HKL) indicates the intensity of the X-ray diffraction from the specific, oriented crystal plane 
(HKL) in the crystal-oriented ceramic; and lo(HKL) indicates the intensity of the X-ray diffraction from the specific aystal 
plane (HKL) in a non-oriented polycrystalline ceramic, which is the same compound having the same composition as 
the crystal-oriented ceramic. 

4s E'l(HKL) indicates the sum of the intensities of the X-ray diffraction from crystal-oriented planes, such as 1(100), 
1(200), 1(300). etc., in the crystal-oriented ceramic; and Zlo(hkl) indicates the sum of the intensities of the X-ray diffrac- 
tion from all the crystal planes (hkl) in the non-oriented polyaystalline ceramic. 

Q(HKL) is so regulated that it is 0 % in random orientation, and that it is 1 00 % in complete orientation of all crystal 
grains. 

so If the crystal-oriented ceramic of tfie present invention has a degree of crystal orientation of smaller than 10 %, it 
could not produce the advantages of the invention. 

In general, isotropic perovskite-type-structured compounds can be represented by a chemical formula of (ABOs)^, 
in which A and B each represent an atom or an atomic group composed of one or more metal elements. 

The second aspect of the present invention is such that at least a part of the oxide in the crystal-oriented ceramic 
55 is oriented relative to the {1 00} plane of the perovskite-type structure as expressed in the form of a pseudo-cut>ic sys- 
tem. Of the oriented ceramic of that type, the characteristics that depend on the crystal orientation of the perovskite- 
type oxide are much more improved than those of ordinary polyaystalline ceramics. The oriented ceramic of this sec- 
ond aspect of the invention is usable as a substrate for forming thereon a thin film as oriented relative to the {1 00} plane 
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of a perovskite-type structure when expressed in the form of a pseucto-cubic system, or a thin film as oriented relative 
to the {001} plane of a layered perovskite-type structure when expressed In the form of a pseudo-tetragonal system, 
through epitaxial growth of the film thereon. 

Though its details will follow hereinafter, the material of the crystal-oriented ceramic comprising the above-men- 
5 tioned oxide is not specifically defined but may be any compound having a perovskite-type structure. 

It is desirable that the degree of orientation relative to the {100} plane of the isotropic perovskite-type-structured 
oxide in the crystal-oriented ceramic of the inverrtion is not smaller than 1 0 % when measured according to the Lotger- 
ing method. 

The crystal orientation-dependent characteristics of the crystal-oriented ceramic of the invention comprising the 
10 thus-orierrted oxide of that type are good. Based on its good crystal orientation-dependent characteristics, the crystal- 
oriented ceramic of the invention can be used as a functional ceramic material. 

It is more desirable that the degree of Lotgering orientation of the oxide is not smaller than 30 %. 

In the aystal-oriented ceramic of this aspect, at least a part of the isotropic perovskite-type-structured oxkle is ori- 
errted relative to the {100} plane of the perovsWte-type structure. 
IS Accordingly, the crystal orientation-dependent characteristics of the crystal -oriented ceramic of this aspect are 
remarkable. Therefore, although the ceramic is pdycrystalline, its characteristics are rather similar to these of single 
crystals, being different from tfiose of ordinary polycrystalline ceramics. 

As the crystal orientation-dependent characteristics of the ceramic of this aspect, referred to are at least one or 
more of its piezoelectridty, pyroelectrrcity thermoelectricity, ionic conductivity, electronic conductivity, magnetism, and 
20 giant magneto-resistivity effect. 

The pseudo-cubic system as referred to herein indicates crystal lattices of a slightly-distorted cubic system. A tot 
of substances not having a true cubic system shall fell within the scope of an isotropic perovskite-type structure. All of 
such substances are herein conskiered to be similar to the substances of a true aMc system, and referred to as 
pseudo-cubic substances. Crystal axes and planes of the pseudo-cubic sutistances are herein expressed in the same 
25 way as in the cubic system. 

The third aspect of the present invention is such that the oxWe in the crystal-oriented ceramic contains at least one 
elenrjent of Bi, Sr and Ca. In this aspect, A in the atxwe-mentioned chemicail formula is at least one element of Bi, Sr 
andCa. 

More preferafc)ly, A in the formula con^ises from 2 to 50 mol% of Bi. Accordingly, preferred are compositions of 
30 (Bio^A'o 98)B03 to (Bto sA'o.5)B03, where A' means the remainder of A from which Bi has been renxwed. 
The ceramic of the third aspect of the invention has good piezoelectricity and pyroelectricity. 
The bismuth-containing oxide includes, for example, Bio5Nao5Ti03,Bio5Ko5Ti03,Bio5(Na,K)o5Ti03.(Pb,Bi)(Fe, 
Ti)03.Pbo.5Bio.5Nio.25Tio.7503,(Bi,Pb)(Zr,Tl)03.(Bi,Pb)(Zr, Ti,Nb)03, (Bi,Pb)(Zr,Ti,Fe)03, and (Bi.Pb)(Zr,Ti,Mn)03. 
However, ttiese are not limitative. In principle, all Bi-containing, perovskite-type-structured oxide materials and even 
35 their solid solutions are employable in the present invention. 

Crystal-oriented ceramics of compounds of the above-mentioned chemfoal formula where A is at least one element 
of Sr and Ca have good piezoelectricity, pyroelectricity and dielectricity. In particular, they are useful as piezoelectric 
materials in microwave applications. 

The oxide comprising at least one element of Bi. Sr and Ca is oriented to give the crystal-oriented ceramic of this 
40 aspect of the invention, of which the characteristics that depend on the crystal orientation of the thus-oriented oxide 
comprising at least one element of Bi, Sr and Ca are much more improved than those of ordinary polycrystalline ceram- 
ics. 

As the characteristics of the crystal-oriented ceramic, referred to are at least one or more of its piezoelectricity, 
pyroelectricity, thermoelectricity, ionic conductivity, electronic conductivity, magnetism, giant magneto-resistivity effect, 

4s and electro-optic effect. Based on its various characteristics such as those mentioned above, the crystal-oriented 
ceramic of this aspect of the invention is usable as a functional ceramic material having many applications, tor example, 
in at least one or more of sensors such as acceleration sensors, pyroeledric sensors, ultrasonic sensors, magnetic sen- 
sors, electric-field sensors, temperature sensors, gas sensors, etc.; energy conversion devices such as thermoelectric 
converters, piezoelectric transformers, etc.; as well as piezoelectric actuators, ultrasonic motors, resonators, capaci- 

50 tors, ionic conductors, electronic conductors, photo-switches, polarizers, etc. 

The crystal orientation-dependent characteristics of the crystal-oriented ceramic of this aspect of the invention are 
all good. 

The fourth aspect of the invention is such that at least a part of the oxide of the crystal-oriented ceramic is oriented 
relative to the {110} plane of the perovskite-type structure as expressed in the form of a pseudo-cubic system. 
55 Though its details will follow hereinafter the oxide is not specifically defined but may be any compound having a 
perovskite-type structure. It is desirable that the degree of {1 10} orientation of the isotropic perovskite-type-structured 
oxide in the crystal-oriented ceramic is not smaller than 10 % when measured according to the Lotgering method. 

The crystal orientation-dependent characteristics of the crystal-oriented ceramic comprising the thus-oriented 
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oxide of that type are good. Based on its good crystal orientation-dependent characteristics, the crystal-oriented 
ceramic of the invention can be used as a functional ceramic material. 

It is more desiratjie that the degree of Lotgering orientation of the oxide is not smaller than 30 %. 

In the crystal-oriented ceramic of this aspect, at least a part of the isotropic perovskite-type-structured oxide is ori- 
ented relative to the {110} plane of the perovskite-type structure, as in Fig. 1 1 to be referred to hereinunder. 

Accordingly, the crystal orientation-dependent characteristics of the crystal-oriented ceramic of this aspect are 
remarkable. Therefore, although the ceramic is pdycrystalline, its characteristics are rather similar to those of single 
crystals, being different from those of ordinary polycrystalline ceramics. 

As the crystal orientation-dependent characteristics of the ceramic of this aspect referred to are its piezoelectricity, 
pyroelectricity, thermoelectricity, ionic conductivity, electro-optic effect, and polarizing effect. 

It Is desirable that at least a part of the guest material is three-dimenslonally oriented. 

As being in this condition, the crystal -oriented ceramic of this aspect can be cut out at any desired specific crystal 
plane, like single crystals. Accordingly, the ceramic of that type can be formed into devices or substrates having any 
desired effective crystal plane of, for example, {1 00}, {1 11 }, {1 10} or the like. 

The wording "three-dimensional crystal orientation" as referred to herein means tfiat the guest material is oriented 
not only relative to the {110} plane of the perovsWte-type structure but also relative to the plane that is vertical to \he 
{110} plane, for example, relative to the {001} plane of the structure, as in Fig. 8B. Accordingly, the crystal-oriented 
ceramic of this aspect is a biaxially-oriented ceramic. 

In the biaxially-oriented ceramic of this aspect, it is desirable that the degree of Lotgering orientation of each plane 
is not smaller than 10 %. More preferably, the degree of Lotgering orientation is not smaller than 30 %. 

The fifth aspect of the present invention is such that a1 least a part of the oxide in the crystal-oriented ceramic is 
oriented relative to the {111} plane of the perovskite-type structure as expressed in the form of a pseudo-cubic system. 

The crystal orientation-dependent characteristics of the ceramic of that type are improved. Based on its improved, 
crystal orientation-dependent characteristics, the crystal-oriented ceramic of the Invention can be used as a functional 
ceramic material. 

Specifically, the crystal orientation-dependent characteristics of the aystal-oriented ceramic of this aspect are 
remarkable. Therefore, although the ceramic is polycrystalline. its characteristics are rather similar to those of single 
crystals, being different from those of ordinary polycrystalline ceramics. 

As the crystal orientation-dependent characteristics of the ceramic of this aspect, referred to are its piezoelectricity, 
pyroelectricity, thermoelectricity ionic conductivity, magnetism, etc. 

Now, the sixth aspect of the present invention is directed to a method for producing a crystal-oriented ceramic com- 
prising: 

forming at least a part of the isotropic perovskite-type-structured guest material on the surface and/or in ttie inside 
of seed crystals of a host material having morphological anisotropy, from a raw material capable of forming a guest 
material having an isotropic perovskite-type structure; and 

orienting at least a part of the crystal plane or axis of the isotropic perovskite-type-structured guest material in 
accordance with the orientation of the crystal plane or axis of the host material. 

In the production method of this aspect, the raw material of the guest material is, after having been applied to the 
seed crystals of the host material, converted into the intended guest material on the surface of the host material. In this 
step, the guest material epitaxially grows around the crystal lattice of the host material that acts as a template for the 
epitaxial growth. 

The epitaxial growth occurs for the following reasons. 

When the crystals of the guest materia) grow on the surface of the host material, those of the former having lattice 
conformity with the crystal lattice existing in the surface of the host material are more stable than the others thereof not 
having it. In other words, the crystals of the guest material having the lattice conformity have smaller surface energy 
than the others thereof not having it, and therefore the former is energetically more favorable tfian the latter. 

Accordingly, the guest material is crystallized to give oriented crystals, while following the orientation of the crystals 
of the host material, irrespective of whether the crystals themselves of the guest material are easily orientable or hardly 
orientable. 

All or a part of the crystals of the guest material will grow epitaxially If a part of the crystals grow epitaxially some 
crystals of the guest material growing anywhere except the surface and/or the inside of the host material will not be ori- 
ented. 

Since the guest material has an isotropic perovskite-type structure, the host material to be used herein must be 
such that at least one crystal plane of the fnost material has lattice conformity, or lattice matching with at least one crys- 
tal plane of the isotropic perovskite-type structure of the guest material. 

Now, the host material is referred to hereinunder. 
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It is desirable that ttie host material is a particulate material having morphological anisotropy. For example, the 
material may be a powder of plate-like. t)lade-like, columnar, needle-like or flaky grains each having a large aspect ratio 
of minor axis/rnajor axis. 

Preferably, the host material has an aspect ratio of 5 or larger. Using the host material of that type, obtained is a 
5 aysfal-oriented ceramic having a Ngher degree of aystal orientation. More preferably, the host materia! has an aspect 
ratio of 10 or larger. 

The major axis of each grain of the host material is preferably 0.5 urn or larger. 

The host material of that type can gain larger surface energy, thereby facilitating the growth of the crystals of the 
guest material on the surface of the host material. 
10 In addition, using the host material of that type, the amount of the crystals of the guest material to grow thereon is 
increased. 

More preferably, the major axis of each grain of the host material is 5 fim or larger. 

The host material having such a large aspect ratio can be easily obtained, for example, by synthesizing a layered 
perovskite-type-structured substance having high crystal anisotropy in a liquid or gaseous phase, (n order to obtain the 
T5 host material having a larger aspect ratio, preferably employed is any of a flux method of producing it in a flux at a high 
temperature, a hydrothermal method, or a method of precipitating it in a super-saturated solution. These methods are 
mostly effective even when a minor amount of a liquid phase exists in the system of producing the host material. 
As the host material, usable herein is any of metal oxides, metal hydroxides, metal salts, and free metals. 
The host material must be such that the two-dimensional crystal lattice of at least one crystal plane of the material 
so has lattice conformity with the tv»>-dimensional crystal lattice of at least one crystal plane of the crystal of the guest 
material to grow. 

One preferred embodiment of the host material, to which the guest material is applied in the invention, is such that 
the largest plane of the grain of the host material (for example, for columnar grains constituting a particulate host mate- 
rial, the crystal plane to give the side surface of the columnar grain is the largest one) has lattice conformity with at least 
25 one crystal plane of the crystal of the guest material to grow. 

Precisely, in order that the crystal of the guest material epitaxially grows around the template of the crystal lattice 
of the host material, the tvro, the crystal of the host material and that of the guest material, must be such ttiat the two- 
dimensional lattice of at least one crystal plane of the former has lattice conformity with that of tfie latter. 

For this, if the two have the lattice conformity with each other at their respective largest crystal planes, the guest 
30 material can grow efficiently 

One example of the lattice conformity is referred to. When the host material is a metal oxide, at least one lattice 
point of oxygen or at lest one lattice point of the metal element in the crystal lattice of the host material is analogous to 
the corresponding lattice point in the two-dimensional crystal lattice of a certain aystal plane of the guest material. 

The lattice conformity as referred to herein is represented by the value as obtained by dividing ttie difference in the 
35 lattice dimension at the analogous position between the host material and the guest material by tiie standardized lattice 
dimension of the host material. In the present invention, the value of the lattice conformity is preferably not larger than 
20%. 

In the combination of the host material and the guest material satisfying the defined lattice conformity, it is easy to 
realize a lowered value of interface energy therebetween, thereby facilitating the epitaxial growth of the guest material. 

40 More preferafc)ly, the value of the lattice conformity is not larger ttian 10%. 

The most preferred host material to be combined with a certain guest material has a chemical bond that is analo- 
gous to the strongest chemical bond in the crystal structure of the guest material. 

In the combination of the most preferred host material and the guest material for it, the interface energy between a 
specific crystal plane of the host material and a spedfic crystal plane of the guest material is small, thereby bringing 

45 about easy epitaxial grovirth of the guest material. 

Therefore, as the host material for producing an isotropic perovsWte-type-structured ceramic as oriented relative to 
the {100} plane expressed in the form of a pseudo-cubic system, usable is a substance having a layered perovsk'rte- 
type structure, tetragonal tungsten bronze-type structure or the like; as the host material for producing an isotropic per- 
ovskite-type-structured ceramic as oriented relative to the {11 0} plane expressed in the form of a pseudo-cubic system, 

so usable is a substance having a structure of SrjNbjO; or the like; and as the host material for producing an isotropic 
perovskite-type-structured ceramic as oriented relative to the {1 1 1 } plane expressed in the form of a pseudo-cubic sys- 
tem, usable is a substance having a layered rock salt-type structure, an wurtzite-type structure, a Ba5Ta40i5-type struc- 
ture, a magneloplumbite-type structure, a corundum-type structure, an ilmenite-type structure, a hexagonal tungsten 
bronze-type structure or the like. 

55 The isotropic perovskite-type-structured guest material to be derived from the raw material in this aspect includes, 
for example, dielectrics such as SrTiOs, etc.; ferroelectrics such as BaTiOg, PbTi03, Pb(Zr,Ti)03, KNbOs, 
Bio sNao sTiOg, Bio sKo sTiOa, Pbo.5Bio 5NiQ 25Tio.75O3, etc.; antiferroelectrics such as PbZrOg, NaNbOj, etc.; mild fer- 
roelectrics such as PbMgi/aNbg/sOa, PhZni/gNb^Oa, (Pb,La)(Zr,Ti)03, etc.; magnetic substances such as 
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(La.Ca)Mn03, etc.; and semiconductors such as BaaLnlrOe (Ln = La, Ce, Pr, Eu, Ho. Er. Yb, Lu), etc. 

These materials represented by their chemical formulae are not limitative, but almost all isotropic perovsi<ite-type- 
structured substances are usable in the production method of this aspect of the invention to give crystal-oriented 
ceramics. Solid solutions of these substances are also employable in the invention. 
5 The raw material to give the guest material includes, for example, simple oxwles, hydroxides, cartonates. nitrates, 
sulfates, salte of organic acids, alkoxides, etc., and any of those is usable in the invention. 

For exanple. where the guest material is arry of BaTiOs, PbTiOs, Pb(Zr,Ti)03, Bio gNao sTiOs, Bio.5(Na,K)o gTiOs 
or the like, the host material to be combined therewith may be selected from oxides such as T1O2. PbO, ZrO^, 61203, 
etc., composite oxides such as NagTiOs, KgTiOs. etc.; and cartxjnates such as BaCOs. Na2C03, K2CO3, etc. 
10 In order to finally obtain a ceramic of a single phase of the guest material having an isotropic perovsWte-type struc- 
ture, some compositional limitations will be needed in the combination 0I the host material and the guest material to be 
used. For example, referred to is a combination of the guest material and the host material in which the elements con- 
stituting the former shall include those constituting the latter. 

It is desirable that the volume of the host material Is not smaller than 5 % relative to 1 00 % of the volume of the final 
IS product, crystal-oriented ceramic. 

In this condition, the crystal plane or axis-dependent characteristics of the crystal-oriented ceramic can be 
improved to a significant degree for practical use. 

In general, the raw materials of the host material and the guest material are mixed to give a mixture, then the host 
material in the resulting mixture is oriented, and thereafter the mixture is heated, whereby at least a part of the guest 
20 material is grown on the surface and/or in the inside of the host material, while at least a part of the crystal planes or 
axes of the guest material are oriented in accordance with the orientation of the crystal planes or axes of the host mate- 
rial. 

For attaining the orientation, in general, the mixture is shaped in an orienting condition. This will be described in 
detail in the section of the orienting step to be referred to hereinafter. Besides using the raw material of the guest mate- 
rs rial, a powder of the guest material itself may be mixed with the raw material of the host material. 

Now, the seventh aspect of the invention is directed to a method for producing a crystal-oriented ceramic compris- 
ing: 

orienting at least a part of the crystal plane or axis of a guest material having an isotropic perovskite-type structure 
30 in accordance with the orientation of the crystal plane or axis of seed crystals of a host material having morpholog- 
ical anisotropy 

In the production method of this aspect, the guest material which is finer than the host material is re-oriented in a 
different direction around the seed crystals of the oriented host material. In this step, precisely, the guest material is epi- 
35 taxially oriented around the crystal lattice of the host material that acts as a template for the epitaxial growth. 
The epitaxial orientation occurs for the following reasons. 

When heated around the surface of the host material, the crystals of the guest material having lattice conformity 
with the crystal lattice existing in the surface of the host material are more stable than the others thereof not having it. 
!n other words, the crystals of the guest material having the lattice conformity fiave smaller surface energy than the oth- 
40 ers thereof not having it, and therefore the former is energetically more favorable than the latter. 

When compared with the sixth aspect mentioned hereinabove, in which is used a raw material of the guest material, 
this seventh aspect directly using the guest material itself is more advantageous than the sixth aspect in that sintered 
products having a higher density are easily obtained in the former than in the latter, but, on the other hand, the degree 
of orientation of the product obtained in the seventh aspect is often lower in some degree than that of the product 
45 obtained in the sixth aspect. 

All or a part of the crystals of the guest material will be oriented epitaxially ff a part of the crystals are oriented epi- 
taxialfy, some crystals of the guest material will not be oriented anywhere except the surface and/or the inside of the 
host material. 

The same as in the sixth aspect shall apply to the selection of the host material in this seventh aspect. 
so Now. the eighth aspect of the present invention is directed to one embodiment of the sixth and seventh aspects 
relating to the production of the crystal-oriented ceramic of the invention. The emlx)diment of this eighth aspect com- 
prises: 

a mixing step of mixing the host material with the raw material capable of forming a guest material and/or the iso- 
55 tropic perovskite-type-structured guest material to give a mixture; 

an orientation step of orienting the crystal plane or axis of the host material in the mixture; and 

a heating step of forming and orienting the guest material in accordance with the crystal plane or axis. 
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The mixing step is referred to hereinafter. 

The host material may be dry-mixed with the other material, kxit is desirat^ly wet-mixed therewith in water or in an 
organic solvent, using a ball mill or a stirrer. 

Where a water-soluble host material such as NaaCOa is used, the liquid component must be removed from the mix- 
5 ture under the condition under which the host material and the other material is hardly segregated. If this removal is 
effected through suction filtration or evaporation to dryness, it must be carried out speedily. Desirably is used a spray 
drier for the removal. However, if the mixture is oriented by wet-shaping it, for exanple, by doaor-Wading it in the next 
orientation step, the slurry mixture may be directly processed without being dried. 

In the mixing step, the host material may be mixed vwith the other material along with any ordinary additives, which 
10 include, for example, a dispecsant, and also a binder, a plasticizer and the like that are necessary for the next orientation 
to be mentioned below. 

The next orientation step is refen-ed to hereinafter. 

In the orientation step, the mixture prepared In the mixing step is oriented by any shaping means. It is desirable that 
the mixture is shaped into a shaped body in this orientation step. 
IS The shaping means employable for the orientation includes, for example, wet or dry uniaxial die-pressing, extru- 
sion, tape-casting such as doctor-Wading, roH^essing, centrifugal stiaping, etc. 

Of these, preferred are extrusion and roll-pressing to obtain shaped bodies having a high degree of orientation. A 
combination of the two is more preferred. The shaped bodies obtained according to doctor-blading, extrusion molding 
or the like shaping means may be laminated under pressure or roll-pressed to give crystal-oriented ceramics having a 
20 degree of orientation of 50 % or higher. Depending on the means for the orientation shaping, obtained are crystal-ori- 
ented ceramics with uniaxial orientation or biaxial orientation. 

It is desirable that the roll-pressing is effected to attain a reduction ratio in thickness of 10 % or higher. 
If roll-pressed in this condition, the crystal-oriented ceramics obtained will have a high degree of crystal orientation. 
If. however, the draft is lower ttjan 10 %, the crystal-oriented ceramics obtained will have a low degree of crystal 
25 orientation, it is not always necessary to attain the desired draft in one roll-pressing operation. As the case may be. the 
roll-pressing may be repeated several times to attain the final draft of 1 0 % or higher. 

The draft as referred to herein is defined by {H0-H1)/H0, in which HO indicates the thickness of the non-roll-pressed 
body, and HI is the thickness of the roll-pressed body For this, refen-ed to is Fig. 5 attached hereto. 

Where the niixture contains water or an organic solvent and the wet mixture is directly shaped, the shaped body is 
30 dried to remwe water or the organic solvent therefrom prior to being heated in the next heating step. 
The heating step is referred to hereinafter. 

The shaped body obtained in the previous orientation step is heated, whereupon at least a part of the guest mate- 
rial is formed on the surface and/or in the inside of the seed crystal of the host material. 

In this heating step, the heating temperature shall be higher than the temperature at which the guest material is pro- 
35 duced from the raw material and which can be known through thermal analysis of the material. However, it is desirable 
that the heating temperature is as low as possible, and that the heating time is as short as possible. 

In the above-mentioned condition, the epitaxial growth and/or the orientation of the guest material existing on the 
surface and/or in the inside of the host material can be predominantly effected. 

In practice, the heating temperature varies, depending on the type of the guest material that shall constitute the 
40 intended product, crystal-oriented ceramic. 

However, if the guest material is an orcfinary oxide, the heating temperature preferably falls between 200°C and 
IZOO'C for the reasons mentioned hereinatwe. The ambient atmosphere in this heating step may be air or oxygen. 

If the heating temperature is lower than ZOO^C, satisfactory epitaxial growth and/or orientation will be often difficult 
to attain. If, however, the healing tenperature is higher than 1200°C, large grains of the non-oriented guest material will 
45 be formed. 

However, if the heating step involves hydrothermal reaction or precipitation from solution, the heating temperature 
may be lower than the above-mentioned range. For example, though depending on the type of the guest material used, 
the heating n«y be effected at a low temperature falling between 20°C and 250°C. In this case, however, the heating 
time must be not shorter than 10 minutes. 
so In this case, if the heating temperature is lower than 20°C, satisfactory epitaxial growth and/or orientation will be 
often difficult to attain. If. however, it is higher than 250°C, the surface and/or the inside of the host material will be cor- 
roded and roughened, often resulting in the failure in the intended epitaxial growth. 

If the heating time is shorter than 10 minutes in this case, satisfactory epitaxial growth will be often difficult to attain. 
The heating means to be enployed in the heating step is not specifically defined. For example, errpfoyable are var- 
55 ious furnaces, such as electric furnaces, gas furnaces, image furnaces, etc. Preferred are the means of using micro- 
waves, millimeter waves or the like to predominantly heat the host material. Using the heating means of that type, the 
epitaxial growth of the guest material on the surface of the host material is effectively promoted. 

it is preferable that the grains of the guest material formed are further grown in the latter half of the heating step 
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In this grain-growth step, the non-oriented or randomly-oriented guest material as grown anywhere except the sur- 
face and/or the inside of the host material can be incorporated into ttie epitaxially-ori anted guest material as the ori- 
ented guest material grows (Ostwald grain growth). 

Accordingly, the degree of orientation of the final product, crystal-oriented ceramic can beincreased after the grain- 
growing stage. 

In general, it is preferable that the grain-growth step is effected within a temperature range for the sintering of the 
oriented cerannic to density the guest material. In this condition, the orientation of the ceramic is improved simultane- 
ously with the densification of the guest material. 

Though depending on the type of the guest material, the temperature for the grain growth is, for example, preferably 
between SOCC and ISOCC, which is higher than the temperature range for the epitaxial growth of the guest material. 

If the temperature for the grain growth is lower than SOCC, the grain growth could not bring about satisfactory 
improvement in the orientation. If it is higher than 1600°C. some materials will be decomposed. 

It is desirable that the time for the grain growth is 30 minutes or longer. 

If the time is shorter than this, the grains could not be satisfectorily grown. 

When the guest material is an oxide, the grain-growth step may be effected in air or oxygen. However, the step is 
preferatily effected in an oxygen atmosphere, as favorably producing oriented ceramic products having a high density 

If desired, the grain-growth step may be effected under mechanical pressure or hot isostatic pressure (HIP), 
whereby the oriented ceramic may be further densif led. 

During the grain-growth step, some volatile components will evaporate or diffuse from the host material and the 
guest material in some degree, often resulting in that the corrposition and the crystal structure of the component which 
is thermodynamically more unstable (for example, for the combination of a layered perovskite-typ© substance and a 
perovskite-type substance, the former layered perovstate-type substance is thermodynamically more unstable than the 
latter) will be partly changed. 

If the composition of the material as mixed with the host material is the same as the stoichiometric one that is nec- 
essary for producing the guest material from it. the guest material and also the host material optionally comprising a 
part of the composition of the guest material as diffused thereinto will remain in the sintered body as obtained after the 
heat treatment. 

For exanple, where the host material is a layered perovskite-type cortpound and the guest material is a perovskite- 
type compound, both the layered perovskite-type compound and the perovskite-type compound remain in the sintered 
body as obtained after the heat treatment, while being oriented. 

In this case, for example, bismuth titanate is used as the host material, a mixture comprised of BigOa, Na2C03 and 
T1O2 in a molar ratio of Bi/Na/Ti = 1/1/2 is used as the raw material of the guest material, and the guest material to be 
produced from the raw material is bismuth sodium titanate. 

In this embodiment, formed is a composite substance comprised of layered perovskite-type-structured bismuth 
titanate or layered-structured bismuth sodium titanate, Bi4 5Nao.5Ti40i5, as formed through the reaction of bismuth 
titanate and bismuth sodium titanate, and the guest material of perovskite-t^e-structured bismuth sodium titanate. 

Now, the ninth aspect of the present invention is directed to another embodiment of the production method of any 
of the sixth to eighth aspects of the invention. The embodiment of this ninth aspect further comprises a conversion step 
of converting the host material into the guest material in the presence of an additive having the ability to convert the 
host material into the guest material. 

In this aspect, the host material is reacted with the additive, whereby the host material is converted into the guest 
material or into at least one other guest material having an isotropic perovskite-type structure. In this case, therefore, 
produced is an oriented ceramic bulk of isotropic perovskite-type only The oriented ceramic bulk obtained in this proc- 
ess is a functional ceramic having highly improved characteristics, and this process produces it inexpensively. 

The additive may be added during or after the guest-producing and orienting steps. 

Where the additive is added during the guest-producing and orienting steps, it may be added at the initial stage of 
the process of the invention, or may be added during the step of orienting the crystal plane or axis of the host material, 
or may be added during the step of producing and/or orienting the guest material. The additive may be added at any 
stage of the guest-producing and orienting steps. 

In the present invention, the guest material epitaxially grows around the host material, depending on the latter, to 
give a mixture of these materials. 

If the additive having the ability to convert the host material into the guest material acts in the mixture, the host 
material in the mixture is converted into the guest material through the reaction between the host material and the addi- 
tive. Accordingly, after having been oriented, the host material is converted into the guest material through the reaction. 

In this case, therefore, the host material does not almost remain in the product, crystal-oriented ceramic, and the 
product thus obtained is composed of only the guest material. 

The additive is especially effective in the following cases. 

The first case is that the raw material from which is obtained the guest material is prepared to have a composition 
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that is the same as the stoichiometric composition of the guest material. In this case, for exanple. bismuth titanate is 
used as the host material, a mixture conprised of Bi203, Na2C03 and TiOs in a molar ratio of Bi/Na/Ti = 1/1/2 is used 
as the raw material of the guest material, and the guest material to be produced from the raw material Is bismuth sodium 
titanate. 

5 In this embodiment, formed is a composite substance comprised of layered perovskite-type-structured bismuth 

titanate or layered-structured bismuth sodium titanate, Bi4 5Nao.5Ti40i5, as formed through the reaction of bismuth 
titanate and bismuth sodium titemate, and the guest material of perovskite-type-structured bistnirth sodium titanate. 

In this, if an additive as prepared by mixing the same raw materials in the same mixing ratio as above, for example, 
a mixture of NaaCOa and T1O2 is added to the host material of bismuth titanate in a ratio of Bi4Ti3O(2/Na2C03/TiO2 = 
10 1/2/5. the additive reacts with the host material of bismuth titanate to completely consume it, while giving the guest 
material of bismuth sodium titartate. 

As a result of that reaction process, a crystal-oriented ceramic which is almost in a single phase is obtained in this 
case. 

/^s is known from the above, the additive depends on the host material and tie raw material of the guest material, 
is and its examples are not specifically referred to herein. For example, the components consfituting the raw material of 
the guest material can be used as the additive, as in Example 3 to be mentioned hereinunder. 

The addition of the additive may often produce other guest materials which are different from the guest material 
existing in the system. In this case, the crystal-oriented ceramic obtained is in the form of a compositional mixture com- 
prising different guest materials. This en*odtment is applicable to the production of a crystal-oriented ceramic compris- 
20 ing solid solutions of two different substances. 

Herein referred to is one example of producing two different guest materials, in which bisnuith ttanat© is used as 
the host material, Bi^O^, NagCC^ and Ti02 are used as the raw material of the guest material, and K2CO3 and TI02 are 
used as the additive. 

In the above-mentioned example, the host material disappeared as a result of the reaction with the additive. 
25 Accordingly, the aystal-oriented ceramic obtained in this example is Bio.sCNa.lQo.sTiOs, which is a solid solution of the 
two guest materials. Bio.sNao.sTiOs and Bio.sKo.sTiOs. 

Now, the tenth aspect of the present invention is directed to a method for producing a aystal-aiented ceramic com- 
prising: 

30 a step of preparing a host material having morphological anisotropy. a raw material capable of producing a guest 
material having an isotropic perovskite-type structure and/or an isotropic perovskite-type-structured guest material, 
and an additive having the ability to convert the host material into the guest material or into at least one other guest 
material having an isotropic perovsWte-type structure; 

an orientation step of mi»ng the tiost material, the raw material and/or the guest material, and the additive, and ori- 
35 enting the crystal plane or axis of the host material to obtain a primary oriented body; and 

a step of heating and sintering the primary oriented body to obtain an oxide having an isotropic perovskite-type 
structure. 

In this aspect, it is desirable that the additive that acts to convert tie host material into the guest material or into at 
40 least one other guest material having an isotropic perovskite-type structure is previously mixed with the host material 
and with the raw material and/or the guest material, prior to the orientation step. This is because this previous addition 
is preferred to the addition of the additive after the orientation step, since the additive added can be more uniformly 
mixed with the host material in the former than in the latter, and since the cost for the former is lower than that for the 
latter. 

45 In this aspect, the host material is converted into the guest material or into any other guest material which has an 
isotropic perovskite-type structure like the originally-existing guest material but is different from the originally-existing 
guest material. 

Since there exists the crystal conformity between the host material and the guest material produced from the raw 
material, there shall also exist the crystal conformity between the guest material produced from the raw material and 
50 the other guest material converted from the host material. 

The step in which the guest material is produced from the raw material is not always definitely differentiated from 
the step in which the host nraterial reacts with the additive to be converted into a different guest material with respect 
to the time or the temperature, and the two steps will partly overlap with each other. 

Therefore, from the viewpoint of the guest material or its crystal structure that is in a single phase as a whole, the 
55 method of this aspect can produce a substance comprised of a single-phase guest material 1 and another guest mate- 
rial 2. When the guest material 1 is different from the guest material 2, the method of this aspect generally produces a 
solid solution having a perovskite-type structure in most cases. 

In this aspect, the crystal orientation of the guest materials 1 and 2 or a solid solution of these shall follow the crys- 
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tai orientation of the host material. Therefore, in this aspect, the intended crystal -oriented ceramic can be obtained with 
ease through host-orientation such as roll-pressing and sintering, irrespective of whether the crystals themselves of 
these guest materials are easily orientat)le or hardly orientable. 

In addition, according to the production method of this aspect, it is easy to obtain a crystal-oriented ceramic com- 
5 posed of bulks of the guest materials or of the solid solution of the materials through various orientation shaping to give 
bulks. 

Since the production method of this aspect does not require any specific apparatus, it gives the intended crystal- 
oriented ceramic easily and inexpensively 

As is known from the above, the tenth aspect of the invention gives the intended crystal-oriented ceramic bulk eas- 
10 iiy and inexpensively. 

For the details of the orientation step and the heating step in this tenth aspect, referred to are those of the same 
steps in the eighth aspect mentioned hereinabove. 

Now, the eleventh aspect of the invention is directed to one embodiment of the production of a crystal-oriented 
ceramic according to the above-mentioned sixth to tenth aspects. In this eleventh aspect, the host material to be used 
IS is a particulate composite ceramic having, on at least one part of its surface, the isotropic perovskite-type-structured 
guest material epitaxially formed thereon in advance. 

The host material of that type to be used in this aspect can be prepared by dispersing a powder of a substance hav- 
ing lattice conformity with the isotropic perovskite-type structured guest material, for example, a layered perovskite- 
type-structured material, in a solution capable of precipitating an isotropic perovskite-type-structured substance 
20 therein, whereby the intended isotropic perovskite-type-structured substance is precipitated on the surface of the pow- 
dery substance under heat or through pH change. For example, a powder of bismuth titanate is subjected to hydrother- 
maJ treatment in an aqueous solution containing Pb and Ti. whereby lead titanate is epitaxially formed around bismuth 
titanate while having lattice conformity therewith to give a particulate composite ceramic. The host material of that type 
can be oriented in the above-mentioned orientation shaping steps. In addition, if the particulate composite ceramic of 
25 the host material is prepared by forming an isotropic perovskite-type-structured material on the surface of a powdery 
ferromagnetic magnetoplumbite-type-structured sutDstance, it can also be oriented in a magnetic field, for example, in 
the manner to be mentioned hereinurxler. 

The twelfth aspect of the present invention is directed to a method for producing a crystal -oriented ceramic com- 
prising: 

a step of preparing a host material having morphological anisotropy and an additive having the ability to convert the 
host material into a material having an isotropic perovsWte-type structure; 

an orientation step of mixing the host material and the additive, and orienting the crystal plane or axis of the host 
material to obtain a primary oriented body; and 
35 a step of heating and sintering the primary oriented body to obtain an oxide having an isotropic perovskite-type 
structure. 

In this aspect, the heating step is to produce the Isotropic perovskite-type-structured material through the reaction 
of the host material and the additive. Prior to the heating step, the crystal plane or axis of the host material is previously 
40 oriented in the orientation step. Therefore, the isotropic perovskite-type-structured material as produced in the heating 
step is also oriented at its crystal plane or axis. 

For the details of the orientation step and the heating step in this twelfth aspect, referred to are those of the same 
steps in the eighth aspect mentioned hereinabove. 

Now. the thirteenth aspect of the invention is directed to one embodiment of the production of a crystal-oriented 
45 ceramic according to the above-mentioned sixth to twelfth aspects. In this thirteenth aspect, the host material to be 
used has a layered perovskite-type structure. 

Precisely the method of the thirteenth aspect comprises a step of preparing a host material having a layered per- 
ovskite-type structure and having morphological anisotropy a raw material capable of producing a guest material hav- 
ing an isotropic perovskite-type structure and/or an isotropic perovskite-type-structured guest material, and an additive 
50 that acts to convert the host material into the guest material or into at least one other guest material having an isotropic 
perovskite-type structure; a step of mixing the host material, the raw material and/or the guest material, and the addi- 
tive, followed by orienting the materials to give a primary oriented body; and a step of heating and sintering the primary 
oriented body to obtain the guest material of an oxide having an isotropic perovskite-type structure. 

In general, the strongest chemical bond in the isotropic perovsWte-type structure is the bond chain composed of 
55 oxygen and the metal element, such as Ti, Zr, Sn, Nb, Mn, Fe, Sb, Mg, Zn or the like existing at the center of the oxygen 
octahedron in the structure. In this structure, the bond chain extends in three directions. 

Accordingly in this aspect, it is desirdale that the host material to be used has a crystal plane analogous to the 
plane that includes two of the three directions in which the bond chain of the isotropic perovskite-type structure extends. 
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Concretely, when the isotropic perovskite-type structure is interpreted to have a pseudo-cubic system, the host material 
to be used desirably has a crystal plane analogous to the {100} plane of the isotropic perovskite-type structure. 

Therefore, since the guest material to be used in this aspect has an isotropic perovskite-type structure, it is desir- 
able that the host material to t>e used has a crystal plane in which two bond chains each composed alternately of oxy- 
gen and a metal element, sudn as Ti, Zr, Sn, h4b, Mn, Fe, Sb, Mg, Zn or the like, cross at right angles or nearly at right 
angles. 

As one exanple of ttie metal oxides that satisfy the above-mentioned condition, referred to is a so-called layered 
perovskite-type-structured sut}stance. Accordingly, the host material to be used in this aspect is preferably such a lay- 
ered perovsWte-type-structured substance. 

This is because the layered perovskite-type structure has crystal anisotropy since its interlayer bond is relatively 
weak, and because it has metal element-oxygen bond chains that is common to both the layered perovskite-type struc- 
ture and the isotropic perovskite-type structure. 

Of such layered perovskite-type-structured substances, the most popular are so-called, layered bismuth com- 
pounds conprising a plurality of perovskite-type layers as sandwrictied between BI2O2 layers. 

As specific examples of the layered bismuth compounds, mentioned are Bi4Ti30i2 (bismuth titanate), BiVOsg, 
BiaWOe, etc. 

Generally referred to are sut>stances to be represented by (Bi202)^*(An,.i BmOa^+i )^*, in which A indicates at least 
one mono- to tri-valent metal element, such as Na, Sr, Pb, Bi. rare earth elements, etc.; and B indicates at least one 
metal element such as Ti, Nb, Ta, etc. 

Many compounds fall within the category of the above-mentioned sutistances, including, for example, SrBl2Nb209, 
SrBigTaaOg, BaBigNbaOg, BaBigTagOg, BaBigTigNbOig. PhBigNbaOg. PbBiaTasOg, SrBi4Ti40i5. BaBi4Ti40i5, 
PbBi4Ti40i5, Sr2Bi4Ti50i8, Pb2Bi4Ti50i8, etc. 

In addition, a series of copper-containing, layered perovskite-type-structured compounds which are known as high- 
temperature superconductive materials also f^l within the category. 

Layered per ov^dte-type-structured substances not containing Bi are also usable as the host material in this aspect. 
For these, mentioned are so-called Ruddlesden-Popper-type compounds which irKlude, for example, Sr2Ti04, 
SrsTisOy, Sr4Ti30io, CagTiaO?. Ca4Ti30io. Sr2Ru04, (U,Sr)2Mn04, (La,Sr)2Cr04. K2NiF4. etc. 

The above-mentioned exanples of the host material are especially preferred, since they can be produced with 
ease in the form of plate-like grains in a flux or solution. 

Using the host material of that type, obtainable are crystal-oriented ceramics having a higher degree of crystal ori- 
entation. 

For exanple, when bismuth oxide and ttanium oxide, from which 614X13012 is produced, are heated in a molten 
salt, obrtained is a powder of plate-like grains wtiich can be used as the host material in the present invention. A n^xture 
of bismuth oxide and titanium oxide, in which the amount of bismuth oxide is not smaller than the stoichiometric ratio 
relative to titanium oxide, may be heat-treated at a temperature not lower than the melting point of bismuth oxide to 
obtain the intended host material. Also to obtain rt, an aqueous solution or sol comprising bismuth oxide and titanium 
oxide may be heated in an autoclave. 

Now, the fourteenth aspect of the present invention is directed to the production of the crystal-oriented ceramic of 
the invention according to any of the above-mentioned sixth to twelfth aspects. In the fourteenth aspect, the host mate- 
rial to be used has a structure of Sr2Nb207. According to the method of the fourteenth aspect, obtained is the crystal- 
oriented ceramic of the fourth aspect of the invention, which is such that at least a part of the isotropic perovskite-type- 
structured oxide of the crystal-oriented ceramic is oriented relative to the {110} plane as expressed in the form of a 
pseudo-cubic system. 

Precisely, the method of the fourteenth aspect conprises mixing a host material of Sr2Na3207-type-structured 
grains with morphological anisotropy, of which the {010} plane is expanded, the guest material and/or the raw material 
of the guest material, and the additive to give a mixture, then shaping the resulting mixture to give a shaped tKxly in 
which at least a part of the host material is oriented relative to the {010} plane of its crystal structure, and thereafter fur- 
ther treating the shaped body whereby at least a part of the guest material in the body is oriented relative to its crystal 
plane or axis. 

The host material for use in this aspect is referred to hereinunder. 

The host material is a Sr2Nb207-type-structured compound and is composed of grains with morphological anisot- 
ropy of which the {010} plane is expanded, as in Fig. 9. 

The Sr2Nb207-type structure is in the form of a laminate of perovskite-like layers, in which the {1 10}-like plane of 
the perovskite-like structure is expanded, the layers being laminated in the direction of the (010 >axis of the Sr2Nb207- 
type structure, as in Fig. 12A. 

In the Sr2Nt>207-fype structure, the bonding force at the tioundary area of the perovskite-like layers is weak. There- 
fore, when produced in a gaseous phase, flux or solution, the grains shall be morphologically anisotropic while having 
the expanded {010} plane of the Sr2Nb207'type structure, as in Fig. 9A. 
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Comparing the direction of tlie (lOO)axis and that of the <001 >axls in the Sr2Nb207-type structure, the bonding 
force toward the direction of the (100)axis is stronger than that toward the direction of the (001 >a»s. Therefore, it is 
also possible to produce blade-like Sr2Nfc>207-type-structured grains with nrarphological anisotropy, of which the {010} 
plane is expanded and which is prolonged in the direction of the <100 >axis, as in Fig. 98. 
5 It is desirable that the morphologically-anisotropic grains that constitute the liost material each have an aspect ratio 

(thickness/major axis or minor axis) of not smaller than 3. 

Using the host material of that type, it is easy to cbtsan an oriented body, in which the {010} plane of the host mate- 
rial is oriented, in the orientation shaping step which will be mentioned hereinunder. 

The aspect ratio of the grain is more preferably 1 0 or larger. If so, the degree of orientation of the host material can 
10 be increased more. 

It is also desirable that the nxirphologically-anisotropic grains constituting the host material are much larger than 
the grains of the guest material, as well as than those of the raw material of the guest material and even ttiose of the 
additive. The grains of these materials and the additive will be referred to hereinunder. 

In this aspect of using the host material of such a preferred type, where the shaped body comprising the oriented 
15 host material is heated, the guest material can be re-arranged or epitaxially grown to be in lattice matching with the 
crystal orientation of the morphologically-anisotropic grains constituting the host material on the surfaces and/or in the 
inside of the grans without interfering with the orientation of the host material. 

In one example of this preferred embodiment, where the grains of the guest material, those of the raw material of 
the guest material and those of the additive have a grain size of 0.1 |xm or so, it is desirable that the dimension of the 
20 expanded plane of each host grain is not smaller than 0.5 iim (in terms of its major axis). 

In order to finally obtain a ceramic product of a single phase of the guest material having an isotropic perovsktte- 
type structure, some compositional limitations will be needed in the combination of the host material and the guest 
material to be used. For example, referred to is a combination of the guest material and the host material in which the 
elements constituting the former shall include those constituting the latter. 
25 One specific example of the combination comprises SrgfvlbsOr as the host material and {Pb,Sr)(Ni.Nb)03 (PSNN) 
or PSNN-PZT as the guest material. 

Anofrier example comprises Ca2Nb207 as the host material and (Pb.Ca)(Ni,Nb)03 (PCNN) or PCNN-PZT as the 
guest material. 

Still another example comprises La2Ti207 as the host material and {Pb.l3)Ti03 (PLT) or (Pb.La)(Zr,Ti)03 (PI-ZT) 
30 as the guest material. 

In this aspect, it is also desirable that the host material is in the form of Wade-like grains with morphological anisot- 
ropy, that at least a part of the host material in the shaped body is biaxially oriented, and that at least a part of the guest 
material is three-dimensionally oriented in accordance with the orientation of the host material as a result of the heat 
treatment of the shaped body 

3s In this preferred condition, the crystal-oriented ceramic of this aspect can be cut out at any desired specific crystal 

plane, like single crystals. Accordingly the ceramic of that type can be formed into devices or substrates having any 

desired effective crystal plane of, for example, {100), {111}, {1 10} or the like. 

It is still desirable that the host material is in the form of grains having morphological anisotropy and having a ratio 

of major axis/minor axis of not smaller than 3. 
40 Using the host material of such a preferred type, it is easy to obtain a biaxially-oriented ^aped body in which the 

host material is oriented relative to the {01 0} plane of the grains constituting it, and in addition, the direction of the major 

axis of the morphologically-anisotropic grains constituting the host nvateriai is unified. 

More desirably, the morphologically-anisotropic grains of the host material have a ratio of major axis/minor axis of 

10 or larger. Using the host material of this more preferred type, the shaped body may have a much higher degree of 
45 orientation. 

The composition of the host materia! is not specifically defined, provided that it has a structure of Sr2Nb207. As the 
host material, for example, usable is any of Sr2Nb207, Sr2Ta207, Ga2Nb207, Ca2Ta207, La2Ti207, Nd2Ta207, and solid 
solutions of these compounds. 

Now, the fifteenth aspect of the present invention is directed to the production of the crystal-oriented ceramic of the 
so invention according to any of the sixth to twelfth aspects. In this fifteenth aspect, the host material to be used has a mag- 
netoplumbite-type structure-associated crystal structure. 

In this aspect, the host material may be a ferromagnetic substance. 

In this, the host material may also be in the form of composite ceramic grains having the guest material as epitax- 
ially formed and grown on at least a part of their surfaces, like in the eleventh aspect. 
55 The host material to be used in this fifteenth aspect is referred to hereinafter. 

The host material shall have a magnetoplumbite-type structure-associated structure. As examples of the host 
material of that type, referred to are compounds having a magnetoplumbite-type structure which is represented by a 
general formula, MO •6Fe203 (where M indicates Ba, Sr, Pb, La or the like). 
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The "magnetoplumbrte-type structure-associated structure" as referred to herein indicates a crystal structure that 
has the magnetoplumlDite-type structure in at least a part of it. For example, mentioned are confounds having both the 
magnetoplumbite-type structure and spinel-type-structured layers of MFe204 In the crystal structure, such as 
BaM2Fei6027, BaaMaFeiaOaa arxJ Ba3M2Fe2404i (where M indicates Co. Fe, Mn. Ni. Zr. Mg. Cu orttie like). 

Preferably, the host material is such that the dimension (length of the major axis) is not smaller than 0.5 nm. The 
host material of that type is energetically favoratde. Therefore, using the host material of that type, it is easy to epitaxially 
form or re-an-ange frie guest material around the host material. In addition, large crystals can be formed as a result of 
the epitaxial growth or re-arrangement of the guest material around the host material. Especially in this case, the crys- 
tals of the guest materials are easily enlarged due to the principle of the Ostwald growth, in the grain-growth step which 
will be refen^ed to hereinunder. 

Even more preferatrfy, the dimension of the expanded c-plane is 5 fun or larger. 

In order to finally obtain a crystal-oriented ceramic product of a single phase of the guest material only, some com- 
positional limitations will be needed in the combination of the host material, the raw material of the guest material, and 
the guest material. For example, refened to is a combination of the guest material and the host material in which the 
elements constituting the former shall include ttiose constituting the latter. 

For example, when PbFeiaOig is used as the host material and powders of Nt)03, PbO, FegOa, Zr02, TiO, etc. are 
used as the raw materials of the guest material, then a crystal-oriented ceramic of a single phase of only the guest 
material of PbFei/sNbiysOa (PFN), Pb(2r,Ti)03-PFN or the like can be obtained. 

On the other hand, when BaFsigOig is used as the host nraterial and powders of BaCOs, FeaOs, NbaOg. PbO, 
ZrOj, TiOg, etc. are used as the raw materials of the guest material, then a crystal-oriented ceramic of a single phase 
of only the guest material of BaFe^/zNb^^Oi (BFN), Pb(Zr.Ti)03-BFN or the like can be obtained. Needless to say, if 
crystal-oriented ceramics which are not in the form of a single phase are intended to be obtained, any desired com- 
pounds of the host material and the guest material can be combined in any desired compositional combination. 

The host material to be used in this aspect may be in the torm of composite ceramic grains as prepared by epitax- 
ially forming and growing the guest material around at least a part of the surfeces of the grains of the host material. 

Using the host material of that type fadlitates ttie epitaxial growth and re-an-angement of the guest material around 
the composite ceramic grains in the st^ of producing the product, crystal-oriented ceramic, whereby the degree of ori- 
entation of the product is increased. 

The composite ceramic grains are functional composite grains each conprising a magnetic core and a coating 
phase having various functions of dielectridty. electroconductivity. ionic conductivity, thermoelectricity, piezo^ectricity, 
etc. When put in a magnetic field, the composite ceramic grains can be moved, re-arranged and oriented. Apart from 
their use eis the host material in the production of oriented ceramics, the conposite ceramic grains can be enployed as 
disperse particles whose functions are controllable in a magnetic field. 

The composite ceramic grains can be produced by processing the host material in a solid phase, flux, solution or 
gaseous phase. 

Especially preferred are the flux method where the host material is processed in a molten salt, and the solution 
method such as a hydrothermal method where the host material is processed in a liquid phase, as easily giving good 
composite ceramic grains having a large coated area. 

Preferably, the host material is oriented by shaping and sintering it in a magnetic field. 

In general, conpounds having a magnetoplumbite-type stmcture have an axis of easy magnetization in the direc- 
tion of the c-axis. 

Therefore, if the compound is in external magnetic field, it receives a torque, which is represented by; 
Th=Hxl 

where Th indicates the torque; 

H indicates the intensity of the external magnetic field; 

I indicates the magnetic moment in the direction of the axis of easy magnetization, 

and the crystal grains of the compound can be arranged in such a manner that the c-plane of each crystal grain inter- 
sects the externa! magnetic field at right angles. 

Accordingly, if the host material is shaped or sintered in a magnetic field (that is, the host material is shaped or sin- 
tered while external magnetic force is applied thereto), obtained is a shaped body in which the crystal grains constitut- 
ing the host material are unified in a certain direction, or that is, the host material is oriented. 

In this case, the direction of the magnetic field to be applied to the host material is not specifically defined. If, how- 
ever, the host material is in the form of magnetoplumbite-type-structured grains of which the c-plane is expanded, it is 
desirafcde that the magnetic field is applied to the host material in the direction that is perpendicular to the plane to which 
pressure or shear stress is directed. 
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In this preferred case, the morphdogical anisotropy-dependent orientation of the grains of the host material and the 
magnetic field -dependent orientation thereof produce a synergistic result, whereby the crystal oriented-ceramic to be 
finally obtained can have a higher degree of orientation. 

The crystal-oriented ceramic to be obtained in this aspect is characterized in that at least a part of the guest mate- 
rial is oriented relative to the {1 1 1} plane of the perovskite-type structure. 

This is because the c-plane of the magnetoplumbite-type structure tias lattice conformity with the {1 1 1 } plane of the 
perovskite-type structure, as has been mentioned herein^ove. 

Of ordinary fen-oelectric substances and piezoelectric substances having a perovskite-type structure, those of 
which the crystal symmetry is in a rhon±(ohedral system have an axis of easy polarization in the direction of the (111) 
axis. 

Therefore, if the ferroelectric or piezoelectric sut>stance of that type is oriented relative 1o the {1 1 1 } plane of the per- 
ovskite-type structure, the crystal-oriented ceramic product to be finally obtained can have improved in its characteris- 
tics and is especially suitable for use in ferroelectric materials or piezoelectric materials. 

Now, the sixteenth aspect of the present invention is directed to the use of the crystal-oriented ceramic of any one 
of the first to fifth aspects of the invention as a substrate. In this aspect, a functional thin film comprising crystals of an 
isotropic perovskite-type-structured or layered perovskite-type-structured polycrystaliine compound is formed on the 
substrate of the crystal-oriented ceramic to give a device. 

The seventeenth aspect of the present invention is directed to one embodiment of the device of the sixteenth 
aspect. In this aspect, the substrate made of poly-crystais has at least one crystal plane oriented predominantly and 
not smaller than 20 % of crystal orientation degrees in the Lotgering method. 

These sixteenth and seventeenth aspects are referred to hareinunder. 

If a functional thin film is grown on the substrate with the degree of orientation of smaller than 20 %, it is often dif- 
ficult to obtain a functional thin f am satisfactorily oriented to such a degree that the film exhibits excellent characteristics. 

More preferably, the degree of orientation of the substrate is 50 % or higher. If a functional thin film having the prop- 
erties to be mentioned hereinunder is formed on the crystal-oriented ceramic substrate of that preferred type, anyone 
can obtain low-priced devices, such as ferroelectric memories vwhich have large remnant polarization ard which are 
hardly fatigued. 

The functional thin film as referred to herein indicates a filmy substance of which the functions and characteristics 
depend on its crystal orientation. This includes, for example, thin tarns of sitostances that are usable as dielectric mate- 
rials, pyroelectric materials, piezoelectric materials, ferroelectric materials, magnetic materials, ion-conductive materi- 
als, electron-conductive materials, thermoelectric materials, abrasion-resistant materials, etc. 

II the substrate has a degree of orientation of 80 % or higher, and if devices that are usable as high-temperature 
superconductive elements are formed using the substrate, the devices formed exhibit especially excellent characteris- 
tics. If a functional thin film having electroconductivity anisotropy is formed on the substrate, obtainable are devices that 
function as electroconductivity-anisotropic elements. 

The crystal-oriented ceramic substrate of these aspects is a polycrystaliine substrate in which the individual grains 
are oriented. The degree of Lotgering orientation of the substrate is not smaller than 20 %. 

Therefore, a functional thin film can be formed on the aystal-oriented ceramic substrate, with the crystal axis of ttie 
film being oriented relative to the crystal lattice of the substrate. Accordingly, the functional thin film thus formed on the 
crystal-oriented ceramic substrate is oriented to the same degree as that of orientation of the substrate. 

In addition, since the crystal-oriented ceramic substrate is of a polycrystaliine substance, the production costs for 
producing it are lower than those for producing single crystal substrates. Moreover, it is easy to produce large-sized 
substrates in these aspects of the invention. Therefore, using such large-sized substrates, the yield in producing large- 
sized devices is increased. 

The CTystallization temperature at which the functional thin film is formed on the crystal-oriented ceramic substrate 
in the invention may be lower than that at which the same film is formed on a non-oriented polycrystaliine substrate. 
Therefore, the degree of orientation of the functional thin film formed on the crystal-oriented ceramic substrate can be 
increased, whereby the performance of the resulting device is improved. 

In addition, when a functional thin film is formed on the crystal-oriented ceramic substrate of the invention to pro- 
duce a device, the range of solid solutions of the two, film and substrate can be widely varied. Therefore, the optimum 
substrate having a uniform composition and having good lattice conformity with the functional thin film to be formed 
thereon can be selected. Using the optimum substrate, anyone can produce excellent devices. 

It is desirable that the crystal-oriented ceramic substrate is fully sintered and densif ied through heat treatment and 
thereafter its surface is leveled through polishing treatment, prior to the formation of a functional thin film thereon. 

As has been mentioned hereinabove, according to the present invention, it is possible to easily produce a low- 
priced and large-sized, crystal-oriented ceramic substrate, on which can be formed a functional thin film having a high 
degree of orientation. 

In the seventeenth aspect, the predominantly-oriented crystal plane of the polycrystaliine, crystal-oriented ceramic 
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substrate is preferatjiy the {100} plane of the isotropic perovsldte-type conpound constituting it, as expressed in the 
form of a pseudo-cubic system. 

Using the substrate of such a preferred type, memory devices having increased capacity, improved fatigue-resist- 
ance and electronic conductor devices having improved electronic conductivity can bie obtained. 
5 To produce optical devices, preferably used are biaxially-oriented substrates of an isotropic perovskite-type com- 
pound. These substrates can be produced by using a blade-like host material of an Sr2Nb207-type-structured com- 
pound. 

As has been mentioned hereinabove, the functional thin film to be formed in these aspecte is a filmy substance of 
which the functions and characteristics depend on its crystal orientation. This includes, for example, thin films of sub- 
10 stances that are usatile as dielectric materials, pyroelectric materials, piezoelectric materials, ferroelectric matertals, 
magnetic materials, ion-conducBve materials, electron-conductive materials, thermoelectric materials, abrasion-resist- 
ant materials, etc. 

The performance of the device of the invention depends on the type of the functional thin film formed on the sub- 
strate. 

15 Examples of the device of the inventkan are mentioned below, in which the compounds specifically referred to are 
to form functional thin films. 

Using Pb{Zr,Ti)03, PbTiOa, SrBiaTaaOg and the like, ferroelectric, non-volatile memory devices can be obtained. 
Using {Sr,Ba)Ti03 and (Pb,La)(Zr.Ti)03, DRAM devices can be obtained. 

Using {Pb,La)"n03 and the like, pyroelectric sensors can be obtained. Using semiconductive SrTiOj and semicon- 
20 ductive BaTiOg, transistors (PET, etc.) can be obtained. 

Using Pt){2r,Ti)03. Bio.sNao sTiOa and the like, acceleration sensors can be obtained. 

Using (Ln,A)Mn03 such as Ndo.ySro.aMnOa. magnetic sensors can be obtained. In friis, Ln indicates a rare earfri 
element, and A indicates an alkaline earth element. 

Using LaLiTigOg, BaCeOa and the like, ion-conductive devices (chemical sensors, cell devices, etc.) can be 
25 obtained. 

Using YBa2Cu3C>7-a, BigSraCa^iCunOx and the like, superconductive devices such as SQUID can be obtained. 

Using a plurality of compounds selected from the at>ove. functional thin films can be formed, with which are pro- 
duced various devices having multiple functions. 

The devices mentioned hereinabove include those having functional thin films on the crystal-oriented ceramic sub- 
so strafe of the invention, and others such as those having electrodes or wiring structures thereon. 

If, for example, insulating, aystal-oriented ceran^c sutjstrates are desired to be converted into electroconductive 
ones for intended devices, it is desiratile ttiat filmy electrodes conprising LaNiOs, La(Ni,Ck))03, {Sr.Ca)Ru03, 
(La,Sr)Co03, Nb-doped SrTiOs or the like are epitaxially grown on the aystal-oriented ceramic substrate of the inven- 
tion. 

35 In the present invention, where a functional thin film is formed on the crystal-oriented, polycrystalline ceramic sub- 
strate and where the degree of Lotgering orientation of the aystal-oriented ceramic substrate is not smaller than 20 %. 
the functional thin film shall follow the orientation of the crystal-oriented ceramic substrate. In other words, the functional 
thin film formed on the substrate is oriented similarly to the substrate. Therefore, the device of the present invention 
conprising such a functional thin film formed on the substrate shall have excellent orientation-dependent characteris- 

40 tics of the f ilm. 

Since the crystal-oriented ceramic sutjstrate of the invention is a pdyaystalline one, the costs for producing it are 
lower than those for producing a single crystal substrate. In addition, it is easy to produce the substrate of the invention 
having a large surface area. Therefore, according to the present invention, large-size devices can be produced. 

As has been mentioned hereinabove, according to the present invention, a functional thin film having a high degree 
45 of orientation can be formed on the substrate. Thus, according to the present invention, low-priced, large-size devices 
can be produced with ease. 

Now. the present invention is described in more detail heretnunder with reference to the following description and 
the appended drawings. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a picture (x 1500) taken with a scanning electron microscope (SEM). which shows the grain structure of 
the host material used in Example 1 . 

Fig. 2 is an X-ray diffraction pattern of the crystal-oriented ceramic sample of the present invention obtained in 
£5 Example 1 . 

Fig. 3 is an X-ray diffraction pattern of the non-oriented, powder sample prepared in Example 1 as a comparative 
sample. 

Fig. 4 is an X-ray diffraction pattern of the crystal-oriented ceramic sample of the present invention obtained in 
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Example 2. 

Fig. 5 is a graphic view showing the twin rollers used for roll-pressing in Exanple 3. 

Fig. 6 Is an X-ray diffraction pattern of the crystal-oriented ceramic sample of the present invention obtained in 
Example 4. 

Fig. 7 is an X-ray diffraction pattern of the crystal-oriented ceramic sample of the present invention obtained in 
Example 5. 

Fig. 8A is a graphic view showing ttie perovskite-type-structured, crystal-oriented ceramic sample obtained in 
Example 9, in which the sample is oriented relative to its {1 1 0} plane. 

Fig. 8B is a grapliic view showing the perovskite-type-structured, crystal-orierrted ceramic sample obtained in 
Exanple 9, in which the sample is biaxially oriented. 

Fig. 9A is a graphic view showing the flaky, morphologically-anisotropic grain that constitutes the host material used 
in Exarrple 9. 

Fig. 9B is a graphic view showing the Wade-like, morphologically-anisotropic grain that constitutes the host material 
used in Exanple 9, the grain being prolonged in the direction of ite [100] axis with its {010} plane fcteing expanded. 
Fig. 10 is a SEM picture (x 8000) of the host material used in Example 9. 

Fig. 11 shows an X-ray diffraction pattern of the crystal-oriented ceramic sample of the present invention obtained 
in Example 9, and an X-ray diffraction pattern of the non-oriented, polycrystalline ceramic sample prepared in Example 
9 as a comparative sample; the two samples having the same composition. 

Fig. 12A is a graphic view showing the structure of Sr2Nb207 referred to in Examji^e 9. 

Fig. 12B is a common graphic view showing the {010} plane of the structure of SraNbgO?, and the {1 10} plane of 
the perovskite-type structure, twth referred to in Example 9. 

Fig. 12C is a graphic view showing the perovsWte-type structure referred to in Example 9. 

Fig. 13 shows an X-ray diffraction pattern of the crystal-oriented ceramic sanple of the present invention obtained 
in Example 18. 

Fig. 14 shows an X-ray diffraction pattern of the non-oriented, polycrystalline oxide ceramic sample prepared in 
Example 18 as a comparative sample. 

Fig. 15 shows an X-ray diffraction pattern of the surface-polished, crystal-oriented ceramic sample of the present 
invention obtained in Example 18. 

DETAILED DESCRIPTION OF THE INVENTION 

Example 1; 

This is to demonstrate the production of a sample of the crystal-oriented ceramic of the present invention. In this, 
referred to are Fig. 1 to Fig. 3. 

The crystal-oriented ceramic sample produced herein had a degree of Lotgering orientation of not smaller than 1 0 
%, while having an isotropic perovskite-type structure and comprising a Bi-cortaining oxide. 

The method of producing the crystal-oriented ceramic sample of this Example is referred to hereinafter. 

In this Example, bismuth titanate (614X13012) was used as the host material. A mixture of three substances, 61303, 
Na2C03 and Ti02 as mixed in a molar ratio of Bi/Na/Ti =1/1/2 was used as the starting material of the guest material. 

The guest material produced from the starting material was bismuth sodium titanate (Bio.sNao.sTiOs). 

Powders of bismuth oxide and titanium oxide were mixed with powders of sodium chloride and potassium chloride, 
and the resulting mixture was heated at lOSO'C to obtain a powder of plate-like grains of bismuth titanate, which is 
shown in Fig. 1 . This is the host material used herein. 

Fig. 1 is a picture taken with a scanning electron microscope (SEM). 

The host material and the starting material of the guest material were weighed in a ratio of 1/4 in terms of Ti, which 
is in the host material and in the guest material to be produced from the starting material. 

Next, the host material and the starting material of the guest material were mixed in ethanol, using a ball mill. 

Next, the resulting mixture was dried in powder. The resulting powder was shaped, using a uniaxial die-pressing 
machine, to give a shaped green body disc. In Ihe thus-obtained green body, the host material was oriented. After this, 
the green body disc was further compressed under cold-isostatic pressure. 

Next, the green body disc was heated in an oxygen atmosphere at 800°C for 2 hours and at 1 100°C for further 2 
hours to obtain a sintered disc. 

After this, the surface of the sintered disc was polished to obtain a crystal -oriented ceramic sample of this Example. 

Next, the polished surface of the crystal-oriented ceramic sample obtained herein was subjected to X-ray diffrac- 
tometry, in which the pattern obtained is shown in Fig. 2. In this drawing, Per ( ) indicates the Miller index of the 
perovskite-type phase of the sample as esqaressed in the form of a pseudo-cubic system. For example, Per(1 00) means 
(100) of the perovskite-type phase. 
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For comparison, prepared was a comparative sannple of bismuth sodium titanate liaving the same corrposition as 
that of the crystal-oriented ceramic prepared above, but not oriented, and trts was siijjected to X-ray dlffractometry. Its 
pattern is shown in Fig. 3. 

Referring to Figs. 2 and 3. it is known that, in the pattern obtained from the crystal-oriented ceramic sannple of this 
5 Example, the ratio of the peak of the diffraction intensity, a, at the (100) plane and at the (200) plane of the sample to 
the peak of the diffraction intensity, p, at the (1 10) plane thereof, or that is, the ratio of o/p, is larger than the ratio a/p In 
the pattern obtained from the non-oriented bismuth sodium titanate of the comparative sample. The crystal planes as 
referred to herein are pressed for the aystal of bismuth sodium titanate in the form of a pseudo-cubic system. 
The degree of Lotgering orientation of the crystal-oriented ceramic sanple of this Example, relative to its {100) 
10 plane, was 34 %. 

These data obtained herein verify that the sample of this Example was a crystal-oriented ceramic having an iso- 
tropic perovskite-type structure and oriented relative to its {100} plane. 

The peak in the X-ray diffraction pattern from the host material in the crystal-oriented ceramic sample differs from 
that from bismuth titanate. This is because the reaction of the host material and the guest material gave a layered per- 
15 ovsWte-type compound, Nao 5614 5TI4O15. 

Example 2: 

This is to demonstrate the production of a crystal-oriented ceramic sample comprising bismuth sodium titanate, 
20 using a doctor-t)lading method. 

In the method of this Example, bismuth titanate (614^30,2) was used as the host material. A mixture of three sul>- 
stances, 61203, Na2C03 and T1O2 as mixed in a molar ratio of Bi/Na/Ti = 1/172 was used as the starting material of the 
guest material. 

The guest material produced from the starting material was bismuth sodium titanate (Bio.sNao.sTiOs). 
25 The host material and the starting material of the guest material were weighed in a ratio of 1 M in terms of Ti. which 
is in the host material and in the guest material to be produced from the starting material. 

Next, ethanol and toluene were added to the host material and the starting material of the guest material, which 
were mixed in a ball mill. A binder of polyvinyl butyral and a plaslicizer of dibutyl phthalate were added thereto. After 
having been further mixed, a uniform slurry was obtained. 
30 The resulting slurry was tape-cast, using a doctor-blading apparatus, to obtain a green strip. After having been 
dried, the strip had a thickness of about 0.1 mm. 

Next, the green strip was heated in air up to eocC over a period of 12 hours and kept at 6O0'*C for 2 hours, and 
thereafter further heated in an oxygen atmosphere at 1 lOO^C for further 2 hours to obtain a crystal-oriented ceramic 
strip of this Exanple. 

35 The sheet surface of the sanple was subjected to X-ray dlffractometry in the same manner as in Example 1, in 
which the pattern obtained is shown in Fig. 4. 

Referring to this drawing, it is known that the peaks in the X-ray diffraction pattern obtained from frie crystal-ori- 
ented ceramic strip sample of this Example at its (100) plane and (200) plane are much larger than those obtained from 
the non-oriented bismuth sodium titanate in Example 1 and shown in Fig. 3. 

40 The degree of crystal orientation of the sample of this Example (Sample 2), relative to its {100} plane, was 66 %. 

Example 3". 

This Example is to demonstrate the method for producing a aystal-or iented ceramic of the invention and the crys- 
45 tal-oriented ceramic sample obtained, with reference to Fig. 5. 

The production method of this Exanple comprises preparing a morphologically anisotropic, particulate host mate- 
rial having a layered perovskite-type structure, arKi also a starting material capable of producing a guest nraterial having 
an isotropic perovskite-type structure. 

In addition to the above, further prepared herein is an additive having the ability to convert the host material into the 
50 guest material used herein or into any other guest material that has an isotropic perovsWte-type structure but is different 
from the guest material used herein. Next, the host material, the guest material and the additive are mixed, roll-pressed, 
and thereafter sintered under heat. 

In this Example, bismuth titanate (Bi4Ti30i2) was used as the host material. A mixture of BijOs, NaaCOs and TiOg 
was used as the starting material of the guest material. NagCOs and T1O2 were used as the additive. 
55 The guest material produced from the starting material was bismuth sodium titanate (Bio sNao.sTiOa). The host 
material, bismuth titanate was prepared in the same manner as in Example 1 . 

The host material, the starting material of the guest material, and the additive were mixed to give a mixture, in which 
the molar ratio of the substances weighed was Bi4Ti3Oi2/Bi2O3/Na2C03/Ti02 = 4/7/1 5/48. This ratio corresponds to an 



20 



EP0 826 643A1 



atomic ratio of Bi/Na/Ti = 1/1/2, which is the same as the atomic ratio of ttie elements constituting the guest material. 

Ethanol and toluene were added to the resulting mixture, which was mixed in a ball mill. A binder of polyvinyl txityral 
and a plasticizer of dilxityl phthalate were added thereto and further mixed. The resulting uniform slurry was tape-cast, 
using a doctor-blading apparatus, to obtain green strips. 
5 Next, five these sfrips were laminated at a pressure of 100 kg/cm^ at 80°C for 10 minutes. The resulting laminate 

was roll-pressed by passing it through twin rollers 20 with the distance therebetween being gradually reduced, as in Fig. 
5. After having been thus roll-pressed, obtained was a primary rolliDressed strip 1 1 , of which the thickness was 50 % 
of that of the original, non-roll-pressed laminate 1 0. 

Four these primary roll-pressed strips were laminated under the same condition as above to obtain a laminate. This 
10 was heated up to BOCC in an oxygen atmosphere over a period of 12 hours and then kept at 600"C for 2 hours, 
whereby this was dewaxed and the guest was in-situ synthesized. The thus-dewaxed laminate was heated In an oxygen 
atnrosphere at 1 1 00°C for 1 0 hours to obtain a crystal-oriented ceramic sarrple of the invention. 

The thus-sintered, crystal-oriented ceramic sample was subjected to X-ray diffractometry on the sheet surface, 
which gave a pattern having no peak for bismuth titanate but having a peak for the isotropic perovsWte-type-structured 
IS single phase of Big sNao.sTiOs. 

The degree of crystal orientation of this sintered sample relative to its {100} plane was measured to be 80 % in its 
surface and 64 % in its inside. The density of this sintered sample was measured to be 80 % of the theoretical density 
thereof. 

On the other hand, the dewaxed laminate was directly sintered in an oxygen atmosphere at 1 100''C for 2 hours. 
20 The thus-sintered sample was siijjected to X-ray diffractometry, which gave a pattern having no peak for bismuth titan- 
ate but having a peak for the isotropic perovskite-type-structured single phase of BIq gNao jTiOg. The degree of aystal 
orientation of this sirrtered sample relative to its {100} plane was measured to be 23 % in its surface and 16 % in its 
inside. 

This Example verified that the production method of the present invention gives crystal-oriented ceramics having a 
25 high degree of orientation. 

Example 4: 

In this Example, the final laminate obtained in Example 3 was further roll-pressed to give a secondary roll-pressed 
30 strip, which was then sintered to obtain a crystal-oriented ceramic sample. 

In this, the laminate was roll-pressed, using the same twin rollers as those used in obtaining the primary roll- 
pressed strip, to thereby have a thickness of 1/2 of its original thickness. 

Next, the secondary roll -pressed strip was heated up to 600°C in an oxygen atmosphere over a period of 1 2 hours, 
then kept at 600°C for 2 hours and thereafter at 1 100°C for 10 hours to obtain a crystal-oriented ceramic sample. 
35 The thus-obtained, crystal -oriented ceramic sample was sutijected to X-ray diffractometry on the sheet surface, 
which gave a pattern having no peak for bismuth titanate but having a peak for the isotropic perovskite-type-structured 
single ptmse of Bio.sNao 5T1O3, as in Fig. 6. 

The degree of crystal orientation of this crystal-oriented ceramic sample relative to its {100} plane was measured 
to be 80 % in its surface and 69 % in its inside. 
40 This Example verified that the production method of the present invention gives crystal-oriented ceramics having a 
high degree of orientation. 

Example 5: 

45 The dewaxed compound laminate as obtained in Example 3 was compressed at a cold-isostatic pressure of 3000 
kg/cm^, whereby its density was increased by about 25 %. The thus-compressed laminate was heated in an oxygen 
atmosphere at 1 100°G or 1 150°C for 10 hours to obtain crystal-oriented ceramic samples of the invention. 

These aystal-oriented ceramic samples were subjected to X-ray diffractometry on the sheet surface. The pattern 
obtained in the X-ray diffractometry of the sample sintered at 1 1 50°C is shown in Fig. 7. The patterns for these samples 

so had no peak for bismuth titanate (see Fig. 7) but had a peak for the isotropic perovskite-type-structured single phase of 
Bio.sNao.sTiOs- 

The degree of crystal orientation of these crystal-oriented ceramic samples relative to their {100} plane was meas- 
ured to be 56 % (when sintered at 1 1 00°C) and 80 % {when sintered at 1 1 50''C) in their inside. These sintered samples 
were measured to have a density of 90 % (when sintered at 1 10Q°C) and 96 % (when sintered at 1 1SO'C) of the theo- 
55 retical density thereof. 
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Example 6: 

A crystal-oriented ceramic sanple was produced in the same manner as in Example 5, except that starting mate- 
rials of Bi4Ti30i2, BigOa, T1O2, NaaCOs and K2CO3 were used to give a composition of Bio.sCNao.esKo.isfe.s'nOs, and 
5 that the sintering was effected at 1 1 50°C for 1 0 hours. 

The thus-obtained, aystal-oriented ceramic sample was subjected to X-ray diffractometry, which gave a pattern 
having a peak only lor the isotropic perovskite-type-structured Bio.5(Nao.85Ko.i5)o.5"n03. The degree of crystal orienta- 
tion of the sample relative to its (100} plane was measured to be 70 % in its inside. The density of the sintered sample 
was measured to tie 96 % of the theoretical density thereof. 

10 

Example 7: 

A crystal-oriented ceramic sample was produced in the same manner as in Example 6, except that starting mate- 
rials of Bi4Tl30i2, BigOs, ri02, NaaTiOs and K2Ti03 were used to give a composition of Bio,5(Nao.85Ko.i5)o.5'n03. 
IS The thus-obtained, crystal-oriented ceramic sample was subjected to X-ray diffractometry, which gave a pattern 
having a peak only for the isotropic perovskite-type-structured Bio sCNao .85^0.15)0.5^103. The degree of crystal orienta- 
tion of the sample relative to its {100} plane was measured to tje 58 % in its inside. The density of the sintered sample 
was measured to b)e 92 % of the theoretical density thereof. 

20 Example 8: 

This Example is to demonstrate the production of a crystal-oriented ceramic satrple of the present invention, in 
which was used a guest material having a perovskite-type structure, or a material capat>le of producing the guest mate- 
rial through reaction. 

2S In this, seed crystals of a ferroelectric substance having a magnetoplumbite-type structure-associated crystal 
structure were used as the host material, and at least a part of the guest material was epitaxially grown or re-arranged 
on the surface of the host material. 

While b&ng grown or re-arranged, at least a part of the crystal plane or axis of the guest material was oriented in 
accordance with the orientation of the aystal plane or axis of the host material. In that manner, a crystal-oriented 
30 ceramic sample was produced herein. 

The crystal-oriented ceramic sample produced herein was in the form of a single phase of the guest material only 
This is because a substance having the ability to convert the host material into the guest material, which will be referred 
to hereinunder, was added to the system of producing the ceramic. 

For the epitaxial growth of the guest material on the host material, tiie c-plane of the magnetoplumbite-type-struc- 
35 tured host material had lattice conformity with the {1 11} plane of the perovskite-type-structured guest material. 
The production method of this Example is described in detail hereinunder. 

In this Example, BaFeiaOig was used as the host material, and a mixed powder of BaCOs and NtsgOg was used 
as the material to obtain the guest material of BaFei/2Nbi/203 (BFN) through reaction. 

The host material and the additive were weighed in a molar ratio of host material/BaC03/Nb205 of 1/23/6, in order 
40 to finally obtain a single phase of BFN through reaction, and these were wet-mixed or dry-mixed in a ball mill or the like 
to prepare a powder mixture. This is the "mixing step". 

Next, this powdery mixture was compressed under uniaxial pressure in a magnetic field of from 10 to 1 5 MGOe in 
the pressing direction (this is so-called vertical magnetic-field molding) to obtain a shaped disc sample. This is the 
"shaping step". 

45 The disc sanple was heated in an electric furnace at from 1000 to 1200°C for from 0.5 to 2 hours, with BaCOa in 
the starting material being decomposed 

(BaC03 ~* BaO + CO2), 

so to obtain a pre-sintered body having the guest material partly on the surface of the host material. 

In this step, if expanded too much, the pre-sintered iDody was subjected to cold isostatic pressure (CIP) to thereby 
increase its density. 

This is the former haH of the "heating step". 

The pre-sintered body was again heated in an electric furnace at from 1200 to 1400°C for from 1 to 24 hours to 
55 complete the reaction. Tbus, a sintered body of a single phase of BFN was obtained. 
This is the latter half of the "heating step". 

The sintered body sample thus obtained as a result of the above-mentioned process was subjected to X-ray diffrac- 
tometry, by which the crystal orientation of the sample was evaluated. The pattern of the X-ray diffractometry of the 
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sample on its surface that is vertical to the pressure as applied thereto during the shaping step (that is. the surface of 
the sample that is vertical to the direction of the magnetic field) gave a higher peak for the {1 1 1} plane than the peak for 
the same plane in the X-ray diffraction pattern of an ordinary BFN powder. This verifies that the sample obtained herein 
was oriented relative to the {111} plane of its perovskite-type structure. The degree of orientation of the sample was 

5 measured to be not smaller than 1 0 % according to the Lotgering method. 

For comparison, powders of BaCOg, FeaOs and NbjOs were weighed and mixed in a motar ratio of 4/1/1 , without 
using the host material, and shaped and heated in the same manner as above. However, no crystal orientation was 
obsen/ed in the sintered body as obtained in this comparative case. 

This Example verifies that crystal-oriented ceramics of perovstflte-type-structured compounds can be obtained 

TO easily and inexpensively according to the production method of the present invention, without requiring the expensive 
and inefficient technique of growing single crystals. 

Example 9: 

16 This Example is to demonstrate the production of a crystal-oriented ceramic sample of the present invention, with 
reference to Fig. 8 to Rg. 12. The characteristics of the sample produced herein were compared with those of a «)m- 
parative sample also produced herein for comparison. 

The crystal-oriented ceramic sample produced in this Example comprises at least partly a guest material having a 
perovskite-type structure, in which at least a part of ttie guest nnaterial is oriented relative to the {11 0} plane of the per- 
20 ovskile-type structure when expressed in the form of a pseudo-cubic system, as in Fig. 8A. 
The guest material is 

Pbo.8Sro.2{(2ro.45Tio,55)o.7(N'l/3Nb2/3)o.3}03- 

The aystal-oriented ceramic sample of this Example has a structure of Sr2Nb207. and is produced from a mixture 
comprised of a host nrata-ial of morphologically-anisotropic grains each having an expanded {010} plane (see Figs. 9A 
25 and 9B), and an additive having the ability to convert the host material into the guest material. 

In this Example, the mixture is shaped into a shaped body whereby at least a part of the host material is oriented 
relative to the {010) plane; and thereafter the shaped body is heated virhereby at least a part of the guest material is 
oriented relative to the crystal plane or axis, according to the orientation of the host material. 
The additive used herein is a powder mixture of PbO, ZrOs, T1O2 and NtO. 
30 The host material used herein is SrjNbjO?. 

Now, the production method of this Example is described in detail hereinunder. 
First, the host material of SrgNbaO? was prepared in the following manner. 

Starting materials of SrCOs and Nb205 were mixed in a ratio of Sr/Nb = 1/1 to give a mixed powder. To this was 
added the same weight of a mixed powder of KCI and NaCl (1 /I by mol). The resulting mixture vras put into a platinum 
35 container and heated at 1200"'C for 8 hours. 

After the heat treatment, KCI and NaCI were removed from the compounded powder in the container. As a result, 
obtained was the intended host material of blade-like, morphologically-anisotropic SrgNbjOy grains having a major axis 
of from 2 to 20 pm, a minor axis of from 0.5 to 2 fim and a thickness of atx)ut 0.1 jim. The grain of the host material has 
the crystal orientation shown in Fig. 98. 
40 The SEM picture of the host material is shown in Fig. 1 0. 

The host material used in this Example is composed of blade-like, morphologically-anisotropic grains. In place of 
the host material of that type, also employable herein is a host material composed of flaky, morphologically-anisotropic 
grains as in Fig. 9A. 

Next, the host material and the additive comprised of powders of PbO, ZrOg. Ti02 and NiO were weighed in apre- 
45 determined molar ratio in order that the crystal-oriented ceramic product to be finally obtained herein might be in the 
form of a single phase of the compound of the guest material. 

The composition of the guest material is Pbo.sSro 2{(2ro 45Tio.55)o.7(Nii/3Nb2/3)o.3}03. In this Example, the host 
material and the additive were mixed in such a manner that Sr and Nb of the composition of the guest material could 
be derived exclusively from the entire host material, or that is, the B-site ratio, Nb/(Zr-i-Ti+Ni+Nb), in the composition of 
so the guest material could be 20 % (this is nearly the same as the ratio by volume of the constitutive components). 

With respect to 1 00 g of the powdery mixture of the host material and the additive, added was 60 cc of a mixed 
solution of toluene and ethanol (toluene/ethanoi = 3/2 by volume), and mixed for 24 hours in a ball mill. Next added 
thereto were a plasticizer and a binder of 3 g each (relative to 1 00 g of the powdery mixture), and further milled for 1 
hour in a bail mill to obtain a slurry mixture. 
55 Next, the slurry was tape-cast, using a doctor-blading apparatus, to give a sheet, which was then dried. A plurality 
of these strips cut out of the sheet, were laminated under pressure, and the resulting laminate was roll-pressed to obtain 
a green strip having a size of 20 x 20 mm and a thickness of 1 mm. 

The degree of orientation of the host material in this green strip was measured according to X-ray diffradometry. 
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which was found to be about 70 % relative to the {010} plane of the SrgNbaOy-type structure of the host material. 

Next, the green strip was dewaxed at eOCC for 2 hours, and thereafter compressed at a coJd-isostatic pressure of 
300 MPa for 2 minutes to thereby increase its density- 
Next, this green strip was embedded in a powder having the same conrposition as that of the strip, and heated at 
5 1300OC for 1 0 hours in a closed MgO container 

The sintered body thus obtained as a result of the above-mentioned process had a single phase having a per- 
ovskite-type structure, and its relative density (measured density/theoretical density) was 95 %. 

The X-ray diffraction pattern of the sintered body is shown in Fig. 11. which gave higher peaks for the (1 10) and 
(220) planes of the perovskite-type structure than those for the other planes thereof. 
10 The degree of orientation of the sintered body, when measured accorcling to the Lotgering method, was 58 % rel- 
ative to the {110} plane. 

On the other hand, a comparative ceramic sample having a perovskite-type structure was prepared herein accord- 
ing to an ordinary solid phase method. This is refen-ed to hereinunder. 

Powders of PbO, ZrOg, TiOg, NiO and NbgOg were weighed and mixed in order to finally give the composition of 
15 the above-mentioned guest material, 

Pb0.8Sr0.2{(Zf0.45Ti0.55)0.7(Nil/3Nb2y3)0.3}O3. 

The powdery mixture was pre-sintered at 80O°C for 5 hours, and then mixed in a ball mill for 24 hours to give a pre- 
sintered powder. 

Next, the pre-sintered powder was shaped at a uniaxial pressure of 40 MPa and then at a cold-isostatic pressure 
20 of 300 MPa for 2 minutes to obtain a shaped txxfy. 

Next, the shaped body was embedded in a powder having the same conposition as thai of the body in a closed 
MgO container, and heated at 1200"»C for 2 hours to obtain a sintered body. 

This sintered txxly had a single phase having a perovskite-type structure, and its relative density was 97 %. 
However, as in Rg. 1 1 , the X-ray diffraction pattern of this sintered txxJy did not significantly differ from that of an 
2S ordinary perovskite-type-structured compound. This suggests that this sintered body was not oriented. 

This Example verifies that the-production method of the present invention gives crystal-oriented ceramics. 
This Example proves the advantages of the present invention, which are referred to hereinunder. 
In this Exanple. the host material used has the structure of SrsNbgO? as in Fig. 12 A; and the guest material used 
has the perovskite-twJe structure as in Fig. 12C. The elementary arrangement in the {010} plane of the host material is 
30 the same as that in the {110} plane of the guest material, as in Fig. 1 2B, and the two planes have good lattice matching 
with each other. 

The host material and the guest material may be conjugated together via the planes having such good lattice 
matching to minimize the interface energy therebetween. 

Therefore, the additive as applied onto the surfaces of the grains that constitute ttie host material produces the 
35 guest material which is epitaxially growing on the surfaces, and the guest material thus grown is oriented relative to its 
{1 10} plane. 

In the production method of this Example, the mixture comprising the host material and the additive is tape-cast, 
using a doctor-tteding apparatus, and the host material in the resulting strip is oriented relative to its {010} plane. The 
thus-shaped strip is thereafter heated, whereupon the guest material existing therein is oriented, as in Fig. 8. As a result 
40 Of this heat treatment, obtained is a crystal-oriented ceramic in which at least a part of the guest material is oriented. 

In the production method of this Example, used was the host material composed of Wade-like, morphologically-ani- 
sotropic grains as in Fig. 9B to obtain the crystal-oriented ceramic as in Fig. 8A. 

If the same blade-like grains are used and if the mixture is shaped through the combination of extrusion and roll- 
pressing to give a shaped body in which not only the {010} plane of the host material is oriented but also the morpho- 
45 logically-anisotropic grains of the host material are unified with respect to the direction of the major axis of each grain, 
a crystal-oriented ceramic having a biaxially-orierrted perovskite-type structure can be produced as in Fig. SB. 

Example 10: 

50 This Example is to demonstrate the production of a crystal-oriented ceramic sample of the invention. In this, the 
host material used remained little in the finally-obtained, crystal-oriented ceramic product. 

The host material used herein is a powder of plate-like grains of layered strontium titanate (SrsTiaO?) as prepared 
by mixing powders of strontium carbonate and titanium oxide with powders of sodium chloride and potassium chloride 
followed by heating the resulting mixture at 1300°C. 
55 The starting material of the guest material used is a mixture of SrCOs and TiOj. 
The guest material produced from the starting material is SrTiOs. 

The layered strontium titanate, SrCOs and TiOj were weighed to have a molar ratio of Sr3Ti207/SrC03/Ti02 = 
1/1/2. 
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These were mixed along with ethanol in a ball mill to give a mixture. This mixture was dried in powder. 

The thus-prepared powder was shaped under uniaxial pressure and then under cold-isostatic pressure to give a 
shaped green body. This green body was heated in an oxygen atmosphere at lOOCC for 2 hours and then at 1300°C 
■for furfrier 2 hours to obtain a sintered body. 
5 The surface of the sintered body was polished. 

The polished surface of the sample thus obtained was siAjected to X-ray diffractometry. The pattern obtained gave 
no peak for the host material but gave a peak for the single phase of SrTiOs. 

The degree of orientation of the sample was measured to be 10 % relative to its {10O) plane. 

10 Example 1 1 : 

This Example Is to demonstrate the production of crystal-oriented ceramic samples of the invention. In this, the host 
material and other materials were mixed along with an additive having ttie ability to convert the host material into the 
guest material. Herein obtained were Sanrf)les11-ato11-d, and Comparative Sample Cll-a. 
15 The powder of plate-like grains of bismuth titanate, Bi4Ti30i2 produced in Example 1 , a powder of fine equiaxial 
grains of bismuth potassium sodium titanate, BiosCNao 85Ko.i5)o.5Ti03. which will be refen^ed to hereinunder, and 
Bi203, NaaCOa, K2CO3 and Ti02 were weighed in a molar ratio of 
Bi4Ti30i2^io.5(Nao.85Ko.i5)o.5Ti03/Bi203/Na2C03/K2C03/Ti02= 1/3/1,^.55/0.45^9. 

The molar ratio of the connpounds con-esponds to an atomic ratio of Bi/Na/K/Ti = 1/0.85/0. 1 5/2. The reaction of all 
20 these compounds in the ratio shall give ttie perovskite-type compound of Big 5{Nao.86Ko 1 s)o.5"ri03. 

Precisely, the powder of fine equiaxial grains of bismuth potassium sodium titanate, Bio.5(Nao 85Ko.i5)o.5T'C'3 the 
guest material; BigOs, NaaCOa, KgCOs and TiOg constitute the starting material of the guest material; the powder of 
plate-like grains of bismuth titanate, Bi4Ti30i2 is the host material; and NaaCOa, K2CO3 and TiOg constitute the additive 
that has the ability to convert the host material into the guest material. 
25 Powders of these materials were mixed along with ethanol arxi toluene added thereto, in a ball mill. A binder of pol- 
yvinyl butyral and a plasticizer of dibutyl phthalate were added thereto and further milled to obtain a uniform slurry. This 
slurry was tape-cast, using a doctor-t)lading apparatus, into a sheet. 

After having been dried at room temperature, 22 strips cut out of the sheet, each having a thickness of about 100 
(im were laminated at a pressure of 1(X) kg/cm2 at 80°C, and the resulting laminate was roll-pressed through twin rollers 
30 to have a thickness of about 1 /2 of its original thickness. 

The roll-pressed laminate was heated and dewaxed in an oxygen atmosphere at 600°C or VOO'C for 2 hours. Next, 
these were sintered in an oxygen atmosphere at 11 SCC for 1 0 hours under no external pressure. Thus were obtained 
two samples; one is Sample 1 1-a (heated at 600°C), and the other is Sample 1 1-b (heated at yOCC). 

On the other hand, the same laminate was heated and dewaxed in an oxygen atmosphere at SWC or TOCC for 2 
35 hours. Next, these were compressed at a cold-isostatic pressure of 3000 kg/cm^ or 4000 kg/cm^, respectively Next, 
these were sintered in an oxygen atmosphere at 1150°C for 10 hours under no external pressure. Thus were obtained 
two samples; one is Sample 11 -c (cold-isostatically compressed under 3000 kg/cm^), and the other is Sample 11-d 
(cold-fsostaticaliy compressed under 4000 kg/cm^). 

These samples, 1 1 -a to 1 1 -d were subjected to X-ray diffractometry at their sheet surfaces, whereupon the patterns 
40 obtained from these samples all gave peaks for a perovskite-type-structured single phase. 

In these samples, the ratio of the diffraction peak, a, at the {100} plane and at the {200} plane of the perovskite- 
type-structured bismuth potassium sodium titanate, Bio.5(Nao.85Ko.i5)o.5Ti03 to the diffraction peak, p, at the {110} 
plane thereof, or that is, the ratio of cc/p, was found to be much larger than the ratio o/p in the pattern obtained from a 
powder of non-oriented bismuth potassium sodium titanate, Biq 5(Nat).85Ko.i5)o,5Ti03. The crystal planes as referred to 
4s herein are expressed for the crystal of bismuth potassium sodium titanate in the form of a pseudo-cubic system. 

The degree of crystal orientation of these samples, 11-a to 11-d, relative to their {100} plane, was not smaller than 
90 % when measured according to the Lotgering method. 

Next, these samples, 1 1 -a to 1 1 -d were polished to remove their surface, and then subjected to X-ray diffractome- 
try. Based on the data obtained, the degree of crystal orientation of these polished surfaces, relative to their {100} plane, 
50 was obtained to be not smaller than 80 % according to the Lotgering method. 

Of these samples, 1 1-a to 1 1 -d, Sanple 1 1-c (this was sintered under no external pressure) had a degree of sur- 
face orientation of 93 % and a relative density of 96.0 %. This Sample 1 1 -c was pelletized into a pellet having a thick- 
ness of 0.5 mm and a diameter of 11 mm, and this was subjected to a resonance-antiresonance test to determine its 
piezoelectric characteristics. 

55 The data obtained in this test were as follows: Kp (planar effect electromechanical coupling coefficient) = 0.404. K, 
(thickness effect electromechanical coupling coefficient) = 0.472. dj, (transverse effect piezoelectric d coefficient) = 
57.7 pC/f\l. (transverse effect piezoelectric g coefficient) = 11 .4X10"^ Vm/N. 

The data of this Sample 11-c were compared with those of a non-oriented comparative sample, Cll-a (this was 
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sintered under the same condition as above, and its data will be referred to hereinunder), and it was found that Kp of 
Sartple 1 1-c was higher than that of Cll-a by about 40 %, and that dsi and 931 of the former were higher tfian those 
of the latter by about 60 %. 

The dielectric loss of Sample 1 1 -c was found to be lower than that of (Comparative Sartple CI 1-a by about 40 %. 
5 This Example thus verifies that the production method of the present invention gives crystal-oriented ceramics hav- 
ing a high degree of orientation and consisting mostly of only the guest material, and that the crystal-oriented ceramics 
produced by the metfiod of the invention have excellent piezoelectric characteristics and dielectric characteristics. 
Accordingly, it is known that the crystal-oriented ceramics of the invention are favorable as piezoelectric nnaterials and 
also as dielectric materials. 
10 Corrparati ve Sample Cll-a was prepared in the manner mentioned below. 

Bi203, NaaCOs. K2CO3 and TiOg were weighed in an atomic ratio of K/Na/K/Ti = 1/0.85/D.15/2, and milled along 
with ethanol in a tall mill. 

Next, the resulting mixture was dried, and then heated at 850°C for 2 hours to obtain a powder of tjismuth potas- 
sium sodium titanate, Bio 5(Nao 85*<o.i 5)0,5^^03. TNs was milled along with ethanol in a ball mill having therein zirconia 
IS balls of 3 mm in diameter. 

The thus-obtained powder of fine equiaxial grains of bismuth potassium sodium titanate, Bio sCNao esKo i 5)0.5^103 
was compressed at a uniaxial pressure of 200 MPa, and then at a c»ld-isostatic pressure of 4000 l^cm^. 

Next, the thus-shaped green Ixxly was sintered in an oxygen atmosphere at 1 1 SCC for 10 hours under no external 
pressure. Thus was obtained Ckjmparative Sample C1 1 -a. 
20 The surface of Comparative Sanple Cll-a was polished and subjected to X-ray diffractometry It was found that 
C1 1-a, though having a relative density of 99.2 %, was not oriented. 

This nonroriented C1 1 -a was pelletized to give a pellet having a thickness of 0.5 mm and a diameter of 1 1 mm, and 
subjected to a resonance-antiresonance test. Its data were as follows: Kp = 0.295; K, = 0.427; dsi = 36.7 pC/N; 931 = 
7.0X1 Vm^. 

25 It is known from the above that the mere mixture and shaping of the starting materials could not give a crystal-ori- 
ented ceramic- In addition, it is also known that the piezoelectric and dielectric characteristics of the non-oriented 
ceramic sanple were poorer than those of the crystal-oriented ceramic samples of the invention. 

Example 12: 

30 

This Exanple is to demonstrate the production of a crystal-oriented ceramic sample of the invention. In this, the 
host material and the starting material of the guest material were mixed along with an additive having the ability to con- 
vert the host material into the guest material. 

The powder of plate-like grains of bismuth titanate, Bi4Ti30i2 produced in Example 1, and Pfc)0, Bi203, NiO and 
35 TiOs were weighed in a molar ratio of Bi4Ti30i2/PbO/Bi2O3/NiO/TiO2 = ^/ZOrm 5/33. 

The molar ratio of the conpounds con-esponds to an atomic ratio of Bi/Pb/Ni/Ti = 2/2/1 13. The reaction of all these 
compounds in the ratio shall give a perovskite-type compound of Pbo gBio sNiq 25Tio 75O3. 

Precisely, Pbo.sBio sNio asTio.ysOs is the guest material, and this is referred to as PENT. 

The powder of plate-like grains of tiismuth titanate 614X13012 is the host material; PbO, BigOs, NiO and TiOg con- 
40 stitute the starting material of the guest material; and PtjO, NiO and TiOg constitute the additive that has the ability to 
convert the host material into the guest material. 

In addition to these, manganese cartxDnate was added to the system as a dielectric breakdown inhibitor, in an 
amount of 0.0005 mols, per mol of the intended final product, perovskite-type compourxl. 

Powders of these materials were mixed along with ethanol and toluene added thereto, in a t>all mill. A binder of pol- 
45 yvinyl butyral and a plastidzer of dibutyl phthalate were added thereto and further milled to obtain a uniform slurry This 
slurry was tape-cast, using adoctor-blading apparatus, into a sheet. 

After having been dried at room temperature, 20 strips cut out of the sheet, each having a thickness of about 100 
fim were laminated at a pressure of 1 00 kg/cm2 at 80°0, and the resulting laminate was roll-pressed through twin rollers 
to have a thickness of about 1/2 of its original thickness. 
50 The roll-pressed laminate was heated and dewaxed in an oxygen atmosphere at 600°C for 2 hours. Next, this was 
sintered in an oxygen atmosphere at 1 1 00°C for 5 hours under no external pressure. 

This sintered sample was polished and then subjected to X-ray diffractometry at its polished surface, whereupon 
the pattern gave peaks for a tetragonal perovskite-type- structured single ptiase. 

Precisely, the pattern gave high peaks for {100} and {001} planes, and {200} and {002} planes, all being derived 
55 from the diffraction at the {1 00} plane expressed in the form of a pseudo-cubic system. The degree of orientation of the 
sample was found to be 1 4 %, when measured according to the Lotgering method. 

This Example verifies that the production method of the present invention gives crystal-oriented ceramics consist- 
ing mostly of only the guest material. 
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Exanple 13: 

This Example is to demonstrate the production of a crystal-oriented ceramic sample of ttie invention. In this, the 
host material and other materials were mixed along with an additive having the ability to convert the host material into 
5 the guest material. Herein obtained were Sample 13 and Comparative Sample C13. 

Powders of strontium hydroxide and titanium oxide were mixed with powders of sodium chloride and potassium 
chloride, and then heated at 1200°C to obtain a powder of plate-like grains of layered strontium tltanate, SrsTijOy. 

On the other hand, powders of strontium cartwnate and titanium oxide were weighed in a ratio of Sr/Ti = 1/1, and 
mixed along with eihanol in a ball mill. After having been dried, the resulting povwJery mixture was heated at 1200°Cfor 
10 2 hours to obtain a powder of strontium tltanate, SrTiOs, This was milled along with ethanoi in a tall mill having therein 
zirconia balls of 3 mm in diameter. 

The powder of plate-like grains of layered strontium tltanate, SrsTigOy, the powder of fine grains of strontium titan- 
ate, SrTiOs, and SrCOa and TiOa were weighed In a molar ratio of SraTisOr/SrTiOs/SrCOs/TiOg = 1/6/1/2. 

The thus-weighed powdery materials were mixed along with ethanoi and toluene added thereto, for 20 hours in a 
15 ball mill. A binder of polyvinyl butyral and a plasticizer of dibutyl phthalate were added thereto and further mixed. The 
resulting uniform slurry was tape-cast, using a doctor-blading apparatus, into a sheet. 

After having been dried at room temperature, 20 strips cut out of the sheet, each having a thickness of about 100 
\im were laminated at a pressure of 100 kg/cm2 at 80°C, and the resulting laminate was roll-pressed through twin rollers 
to have a thickness of about 1 /2 of its original thickness. 
20 The roll-pressed laminate was heated and dewaxed in an oxygen atmosphere at 60O°C for 2 hours. Next, this was 
compressed at a cold-isostatic pressure of 3000 kg/cm^, and then sintered in an oxygen atmosphere at 1350"C for 10 
hours under no external pressure. The sample thus obtained is referred to as Sample 13. 

Sample 13 was sitijected to X-ray diffractometry at its sheet surface, which proved that Sample 13 had a degree 
of orientation of 62 % relative to its {100} plane and had a single phase of SrTiOa- 
25 After having been surface-polished, Sample 13 was found to have a degree of orientation of 51 %. 

These data verify that the production method of the present invention gives crystal-oriented ceramics consisting 
mostly of only the guest material. 

Comparative Sanple C13 was prepared in the manner mentioned below. 

Powders of strontium carbonate and titanium oxide were weighed in a ratio of Sr/Ti = 1/1 . and mixed along with eth- 
30 anol in a ball mill. After having been dried, the resulting powdery mixture was heated at 120Q'>C for 2 hours to obtain a 
powder of strontium tilanate, SrTiOs. This was milled along with ethanoi in a ball mill having therein zirconia balls of 3 
mm in diameter. 

The powder of fine equiaxial grains of strontium tltanate, SrTiOa was compressed at a uniaxial pressure of 200 MPa 
and then at a cold-isostatic pressure of 3000 kg/cm^. The thus-shaped green body was sintered in an oxygen atmos- 
35 phere at 1350°C for 10 hours under no external pressure. Thus was obtained Comparative Sanple C13. 

Comparative Sample 013 was subjected to X-ray diffractometry, which proved that this was not oriented. 

It is known from the above that the mere mixture and shaping of the starting materials could not give a crystal-ori- 
ented ceramic. 

40 Example 14: 

This Example is to demonstrate the production of a crystal-oriented ceramic sample of the invention. In this, the 
host material and other materials were mixed along with an additive having the ability to convert the host material into 
the guest matei ial. Herein obtained were Sanple 14 and Gompai-ative Sample 014. 
45 Powders of calcium cartx>nate and titanium oxide were mixed with powders of sodium chloride and potassium chlo- 
ride, and then heated at 1 400°C to obtain a powder of plate-like grains of layered calcium tltanate, CasTigO/. 

The powder of plate-like grains of layered calcium tltanate, Ca3Ti207, a powder of fine grains of calcium tltanate, 
CaTiOa as produced according to a solid phase method, and CaCOs and Ti02 were weighed in a molar ratio of 
CasTiaOy/CaTiOs/CaCGs/TiOa = 1/6/1/2. 
50 The thus-weighed powdery materials were mixed along with ethanoi and toluene added thereto, for 20 hours in a 
ball mill. A binder of polyvinyl butyral and a plasticizer of dibutyl phthalate were added thereto and further milled. The 
resulting uniform slurry was tape-cast, using a doctor-blading apparatus, into a sheet. 

After having been dried at room temperature. 20 strips cut out of the sheet, each having a thickness of about 100 
\im were laminated at a pressure of 1 00 kg/cm^ at 80°C. and the resulting laminate was roll-pressed through twin rollers 
55 to have a thickness of about 1 12 of its original thickness. 

The roll-pressed laminate was heated and dewaxed in an oxygen atmosphere at 600°C for 2 hours, and then fur- 
ther heated at HOCC for 10 hours. The sample thus shaped under no external pressure is referred to as Sample 14. 
Sample 14 was surface-polished and then subjected to X-ray diffractometry on its polished surface. In the pattern 
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obtained, no peak for CasTigOy was seen but only peaks for the single phase of orlhoriiombic grains of CaTiOs were 
seen. 

Based on ttie X-ray diffraction pattern of CaTiOs powder, tfne degree of orientation of Sample 1 4 relative to its { 1 00} 
plane as expressed in the fomi of a pseudo-cubic system was obtained to be 50 %. 

These data verify that the production method of the present invention gives crystal-oriented ceramics consisting 
mostly of only the guest material. 

Comparative Sample C14 was prepared in the manner mentioned below. 

Powders of calcium cartxxiate and titanium oxide were weighed in a ratio of CaCOaATiOg = 1/1, mixed along with 
ethanol in a tt^l mill, and then heated at 120O°C. The resulting powder was further milled along with ethanol in a ball 
mill having therein zirconia balls of 3 mm in diameter. 

The thus-obtained powder was compressed at a uniaxial pressure of 200 MPa and then at a cold-isostatic pressure 
of 3000 i^crrf. The resulting green body was sintered in an oxygen atmosphere at HOO'C for 5 hours under no exter- 
nal pressure. Thus was obtained Comparative Sample C14. 

Comparative Sanple C14 was surface-perished and then subjected to X-ray diifractometry on Its polished surface. 
The pattern gave peaks for the single phase of orthorhombic grains of CaTSOs. but no aystal orientation was found in 
Sample CI 4. 

It is known from the above that the nrere mixture and shaping of the starting materials could not give a crystal-ori- 
ented ceramic. 

Exairple 15: 

This Example is to dennonstrate the production of a aystal-oriented ceramic substrate of pdycrystailine 
Bio sNao.sTiOs, which is oriented predominantly relative to its {100} plane as expressed in the form of a pseudo-cubic 
system. The degree of Lotgering orientation of the substrate is not smaller than 20 %. 

This Example further demonstrates the production of a device comprising the substrate, in which a functional thin 
film of Pb(Zro 53Tio.47)03 is formed on the surface of the substrate. This device is usable as a non-volatile memory 
device. 

The method of producing the crystal-oriented ceramic substrate is referred to hereinunder. 
A host material of plate-like grains of Bi4Ti30i2, and Bio sNao 5T1O3, BiaOs. T1O2 and NajCOg were weighed in a 
molar ratio of 1/3/1/9/3. 

These were mixed along with toluene and ethanol added thereto, in a t>all mill for 20 hours to obtain a slurry. 

This slurry was further mixed along with a binder and a plasticizer added thereto, for further 1 hour. The resulting 
mixture was tape-cast, using a doctor-blading apparatus, into a sheet. 

A plurality of these strips cut out 0I the sheet, were laminated under pressure, and roll-pressed to obtain a laminate 
plate. 

The laminate plate was heated and dewaxed at yocC, and then shaped through CIP (at 4000 kg/cm^). The result- 
ing green plate was sintered at 1 1 50°C fa 1 0 hours to obtain a sintered plate of Bio sNao 5TI, which had a relative den- 
sity of 98 % and was oriented to have a degree of orientation of 95 % relative to the {100} plane as expressed in the 
form of a pseudo-cubic system. After having been surface-polished, this had a degree of orientation of 90 % relative to 
the same crystal plane. 

As a result of the at)ove-mentioned process, obtained was a crystal-oriented ceramic plate of BNT. 
An epitaxial thin film of LaNiOa having a thickness of 300 nm was formed on the BNT substrate through laser atila- 
tion or sd-gel deposition. 

Next, a functional thin film of Pb(Zro 53Tio 47)03 was formed over the epitaxial thin film through sol-gel d^sition. 

The functional thin film had a degree of orientation of about 90 %, in which the {1 00} plane as expressed in the form 
of a pseudo-cubic system was oriented in the degree. 

The functional thin film was found to have a degree of spontaneous polarization of 35 fiC/cm^, and the structure 
thus produced herein was usable as an element in non-volatile memory devices. 

This Example proves the advantages of the present invention, which are referred to hereinunder. 

The crystal-oriented ceramic substrate produced in this Example is a polycrystalline substrate in wNch the crystals 
constituting it were oriented. The degree of Lotgering orientation of the substrate is not smaller than 20 %. 

Therefore, a functional thin film can tie formed on the cr/stal-oriented ceramic substrate, with its crystal axis being 
oriented relative to the crystal lattice of the substrate. Precisely, the functional thin film formed on the surface of the crys- 
tal-oriented ceramic substrate is oriented at least to the same degree of orientation as that of the substrate. 

In addition, since the crystal-oriented ceramic siJastrate produced herein is a polyaystalline one, the production 
costs for producing it are lower than those for producing single-crystalline substrates. Moreover, it is easy to enlarge the 
surface area of the crystal-oriented ceramic substrate of the invention. Therefore, it is also easy to produce large-size 
devices, using the substrate of the invention. 
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Moreover, the crystallization temperature at which the functional thin film is formed on the crystal-oriented ceramic 
substrate of the invention may be lower than that at which the same film is formed on single-crystalline substrates. 
Therefore, the degree of orientation of the functional thin film formed on the substrate of the invention can be increased, 
thereby giving an excellent device. 

The crystal-oriented ceramic substrate used in this Example is a polycrystalline BNT substrate, of which the 
mechanical strength is higher than that of a single-crystalline oxide substrate, and of which the heat resistance is higher 
than that of a semiconductor substrate such as an Si substrate. 

As has been demonstrated in this Example, it is easy according to the present invention, to provide a lowiDriced 
and large-sized, crystal-oriented ceramic substrate, on which can be formed afunctional thin film having a high degree 
of orientation to give an excellent device. 

Example 16: 

This Example is to demonstrate the production of a device, which is usatjie as a superconductive electronic device. 
The device of this Example comprises a functional thin film of YBagCusOy-a as formed on a crystal-oriented 
ceramic substrate of SrTiOs. 

The method of producing the crystal-oriented ceramic substrate is referred to hereinunder. 
Plate-like grains of Sr3Ti207, and TiOj were weighed in a nrolar ratio of 1/1. 

These were mixed along with toluene and ethanol added thereto, in a ball mill for 20 hours to give a slurry. 

This slurry was subjected to tape-casting, roll-pressing, dewaxing and CIPing to give a sample plate, in the same 
manner as in Example 1 5. This sample plate was sintered at 1400°C for 10 hours to obtain a sirttered body of SrTOs, 
which had a relative density of 98 % and had a degree of orientation of 85 % relative to its pseudo-ci4)ic {100} plane. 
After having been surface-polished, this had a degree of orientation of 80 % relative to the same plane. As a resutt of 
this process, obtained herein was a crystal-oriented ceramic substrate of ST. 

A functional thin film of YBa2Cu307-a was formed on the ST substrate through laser atDlation to give a device. 

This device was subjected to X-ray diffractometry, which proved strong C-axis orientation of the device. 

This device is usable as a superconductive electronic device. 

Different variations of the oriented ceramic substrate of SrTiOs produced hereinabove are referred to hereinunder, 
in which the starting materials to be used are varied. 

Plate-like grains of Sr3Ti207, and SrTiOs and TiOg were mixed in a molar ratio of 3/11/3. The resulting mixture was 
processed in the same manner as above to produce an oriented ceramic substrate. 

Plate-like grains of SrgTi^Oy, and SrTiOs, SrCOa and TiOg were mixed in a molar ratio of 1/3/4/5. The resulting mix- 
ture was processed in the same manner as above to produce an oriented ceramic substrate. 

The degree of orientation of these oriented ceramic substrates was 62 % and 53 %, respectively, relative to the 
pseudo-cubic {100) plane. 

The others than the above were the same as those in Example 1 5. 

As being oriented, the devices produced in this Example exhibit a superconductive effect in the direction parallel to 
the oriented crystal plane of the siAstrate. The other advantages of the devices produced herein are the same as those 
in Example 15. 

Example 17: 

This Example is to demonstrate the production of a device having a thin, functional pyroelectric film as formed on 
the ST substrate produced in Example 16. 

Precisely, a thin film of LaNiOs having a thickness of 200 nm was formed on the ST substrate through sol-gel dep- 
osition, In addition, a thin, functional pyroelectric film of (Pb,La)Ti03 was formed over the LalsliOa film. 

The functional thin film was found to be strongly oriented relative to the C-axis, and the device produced herein is 
usable as a pyroelectric sensor device. 

The others than the above were the same as those in Example 1 6. 

As having the oriented, functional thin film, the device produced herein has a higher pyroelectric factor than a 
device having a non-oriented, thin film, and therefore has a higher quality factor than the latter. The other advantages 
of the device produced herein are the same as those in Example 16. 

Example 18: 

This Example is to demonstrate the production of crystal-oriented ceramic samples having a single phase of a 
guest material only in which are used a host material, a guest material and an additive. 

A mixture of BijOs, Na2C03. K2C03 and Ti02, all weighed in a ratio of Bi/Na/IVTi = 1/0.85/0. 15>^, was heated at 



29 



EP 0 826 643 A1 



SSCC for 2 hours to give a powder of bismuth potassium sodium titanate, Bio.5(Nao.85Ko.i5)o.5Ti03- 

The compound powder was mixed along with ethanoi in a ball mill having therein zirconia balls of 3 mm in diameter, 
thereby to give a powder of equiaxial grains of bismuth potassium sodium titanate, Bto sCNao ssKo.islo.sTiOs. 

The powder of plate-like grains of bismuth titanate, Bi4Ti30i2 produced in Exairple 1, the powder of fine equiaxial 
5 grains of bismuth potassium sodium titanate, Bio.5(Nao,85Ko.i5)o.5Ti03 prepared hereinabove, and NagCOa, K2CO3 
and TiOa were weighed in a molar ratio of Bi4Ti30i2/Bio.5(Nao.85Ko.i5)o.5Ti03/Na2C03fl<2C03/ri02 = 1/7/1 .7/0.3/5. 

The molar ratio of the compounds corresponds to an atomic ratio of Bi/Na/K/TT = 1/0.85/0. 15/2. The reaction of all 
these compounds in ttie ratio shall give the perovskite-type conpound of Bio 5(Nao.85Ko,i5)o.5^'03- 

Precisely, the powder of fine equiaxial grains of bismuth potassium sodium titanate, Bi(, 5(Nao.85Ko.i5)o.5Ti03 'S the 
10 guest material; the powder of plate-like grains of bismuth titanate, Bi4Ti30^2 'S the host material; sind NagCOs, K2CO3 
and TiOz constitute the additive that has the ability to convert the host material into the guest material. 

In addition to the above-mentioned host material, guest material and additive, manganese cart>onate was added to 
the system as a dielectric breakdown inhtoitor, in an amount of 0.0005 mols per mol of the intended final product, per- 
ovskite-type compourxi (crystal-oriented ceramic). 
16 Powders of ttiese materials were mixed along with ethanoi and toluene added thereto, in a ball mill . A isinder of pol - 
yvinyl butyral and a plasticizer of dibutyl phthalate were added thereto and further mixed to obtain a uniform slurry. This 
slurry was tape-cast, using a doctor-t)lading apparatus, into a sheet. 

These strips cut out of the sheet, were dried at room temperature to have a thickness of about 100 (xm. 

These 22 strips were laminated at a pressure of 100 kg/cm2 at 80°C, atKl the resulting laminate was roll-pressed 
zo through twin rollers to have a thickness of about 1/2 of ite original thickness. The roll-pressed laminate was heated and 
dewaxed in an oxygen atmosphere at 600°C or 700°C for 2 hours. Next, these were sintered in an oxygen atmosphere 
at 1 200<'C for 5 hours under no external pressure. 

Thus wwe obtained crystal-oriented ceramic sanples. 

On the other hand, the same dewaxed laminate was compressed at a cold-isostatic pressure of 4O00 kg/cm^, and 
zs then sintered in an oxygen atmosphere at 1 200°C for 5 hours under no external pressure. 
Thus were obtained other aystal-oriented ceramic sanrples. 

These samples were subjected to X-ray diffractometry on their surfaces, which gave the pattern shown in Fig. 13. 
In this pattern, seen are peaks for the single phase having a perovskite-type structure. 

The ratio of the diffraction peak, a, at the (100) plane and at the (200) plane of the perovsWte-type-strudured bis- 
30 muth potassium sodium titanate, BIq 5(Nao 85K0 15)0 sTiOa to the diffraction peak, p, at the (1 10) plane thereof, or that 
is, the ratio of a/p, was found to be much larger than the ratio a/p in the pattern from a powder of non-oriented bismuth 
potassium sodium titanate, Biq 5(Nao.85Ko.i5)o.5Ti03 (see Rg. 14 to be mentioned hereinunder). The crystal planes as 
refened to herein are expressed for the aystal of bismuth potassium sodium titanate in the form of a pseudo-cubic sys- 
tem. 

35 The degree of aystal orientation of these samples relative to their {100} plane was found to be not smaller than 95 
% when measured according to the Lotgering method. 

Next, these samples were polished to remove their surface, and then subjected to X-ray diffractometry. /te in Fig. 
15, the degree of Lotgering orientation of these polished samples, relative to their {100}, plane, was found to be not 
smaller than 85 %. 

*o Of these samples, one had a degree of surface crystal orientation of 98 % and a relative density of 98.1 %. This 
sample was pelletized Into a pellet having a thickness of 0.5 mm and a diameter of 1 1 mm, and this was subjected to a 
resonance-artiresonance test to determine its piezoelectric characteristics. The data obtained in this test were as fol- 
lows: Kp (planar effect electromechanical coupling coefficient) = 0.403. Kt (thickness effect electromechanical coupling 
coefficient) = 0.444. ds^ (transverse effect piezoelectric d coefficient) = 59.1 pC/N. 

45 The data of this crystal-oriented ceramic pellet sample were conpared with those of a non-oriented comparative 
sample (this has almost the same composition as the oriented sample and was sintered under the same condition as 
above, and its data will be referred to hereinunder) , and it was found that of the ori ented sample was higher than that 
of the non-oriented comparative sample by atraut 40 %. and that da, of the former was higher than that of the latter by 
about 60%. 

50 This Example thus verifies that the production method of the present Invention gives crystal-oriented ceramics hav- 
ing a high degree of crystal orientation and consisting mostly of only the guest material, and that the crystal -oriented 
ceramics produced by the method of the invention have excellent piezoelectric characteristics and dielectric character- 
istics. 

The comparative non-oriented sample was prepared in the manner mentioned below. 
55 BisOa, Na2C03, K2CO3 and TiOj were weighed in an atomic ratio of Bi/Na/K/Ti = 1/0.85/0.15/2, to which was 
added a dielectric breakdown inhibitor of manganese carbonate in an amount of 0.0005 mols per mol of the intended 
final product, perovskite-type corrpound. 

These were mixed along with ethanoi in a ball mill. 
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The resulting mixture was dried, and then heated at SSO'C for 2 hours to obtain a powder of bismuth potassium 
sodium titanate, Bio.5(Nao.85Ko,i5)o.5Ti03. This was milled along with ethanol in a ball mill having therein zirconia balls 
of 3 mm in diameter. 

Thus was obtained a powder of fine equiaxial grains of bismuth potassium sodium titanate, 
Bio.5(Nao.85Ko.i5)o,5Ti03. 

This powder was compressed at a uniaxial pressure of 200 MPa, and then at a cold-isostatic pressure of 4OO0 
kg/cm^. 

Next, the thus-shaped green body was sintered in an oxygen atmosphere at 1200''C for 5 hours under no external 
pressure. 

The surface of the comparative sanple thus obtained was polished and subjected to X-ray diffractometry, which 
gave the pattern shown in Fig. 14. From this pattern, it is known that this comparative sample is a non-oriented ceramic. 
This comparative sample was found to tiave a relative density of 99.0 %. 

This non-oriented comparative sarr^le was pelletized to give a pellet having a thickness of 0.5 mm and a diameter 
of 1 1 mm, and subjected to a resonance-antiresonance test to determine its piezoelectric characteristics. Its data were 
as follows: Kp = 0.289; K, = 0.398; dai = 37.1 pC/N. 

It is known from the above that the mere mixture and shaping of the starting materials could not give a crystal-ori- 
ented ceramic. In addition, it is also known that the piezoelectric characteristics of the non-oriented ceramic sample 
were poorer than those of the crystal-oriented ceramic samples of the invention. 

Example 19: 

This Example is to demonstrate the production of an Sr-containing, crystal-oriented ceramic sample of the inven- 
tion. 

Powders of strontium caibonate and titanium oxide were weighed in a ratio of Sr/Ti = 1/1 . milled along with ethanol 
in a ball mill, and dried. 

The resulting powdery mixture was heated at 1300°C for 2 hours to obtain a powder of strontium titanate, SrTiOs. 
The resulting powdery conpound was milled along with ethanol in a ball mill having therein zirconia balls of 3 mm in 
diameter. 

Next, the powder of plate-like grains of layered strontium titanate, Sr3Ti207 produced in Example 3, tfie fine pcwvder 
of strontium titanate, SrTiOa prepared above, and TiOj were weighed in a molar ratio of Sr3Ti207/SrTi03/Ti02 = 3/1 1/3. 

In this, the layered strontium titanate SrsTigO? is the host material, and strontium titanate SrTiOs is an additive. 

These materials were mixed, tape-cast, laminated under pressure and roll-pressed in the same manner as in 
Example 13 to obtain a shaped green body 

The resulting green body was heated and dewaxed in an oxygen atmosphere at 600°C for 2 hours, and thereafter 
sintered in an oxygen atmosphere at 1350°C for 10 hours under no external pressure. Thus was obtained a crystal ori- 
ented ceramic sample. 

The thus-obtained sample was subjected to X-ray diffractometry on its surface, which proved that the sample had 
a single phase of SrTiOs having a degree of crystal orientation of 62 % relative to Its {100} plane. 

This Example verifies that the production method of the present invention gives crystal-oriented ceramics having a 
high degree of crystal orientation. In this, the host material was, after having been reacted with the additive, converted 
into the guest material, and remained little in the crystal-oriented ceramic sample obtained. 

Example 20: 

This Example is to demonstrate the production of a Ca-containing. crystal-oriented ceramic sample of the inven- 
tion. 

Powders of calcium cartxjnate and titanium oxide were mixed with powders of sodium chloride and potassium chlo- 
ride, and then heated at 1 400''C to give a powder or plate-like grains of layered calcium titanate, Ca3Ti207. 

The powder of plate-like grains of layered calcium titanate, CasTigOj prepared above, a fine powder of calcium 
titanate, CaTiOg as prepared in a solid phase, and Ti02 were weighed in a molar ratio of CagTijOy/CaTiOa/TiOj = 
1/7/1. 

In this, the layered calcium titanate Ca3Ti207 is the host material, and calcium titanate CaTiOa is the guest material 
and Ti02 constitute an additive. 

These three materials were mixed along with a mixed solvent of ethanol and toluene in a ball mill, to which were 
added a binder and a plasticizer. The resulting mixture was further milled in a ball mill, and then tape-cast, using a doc- 
tor-biading apparatus, into a sheet having a thickness of about 100 iivn. 

These 20 strips cut out of the sheet, were laminated under pressure, and roll-pressed through twin rollers into a 
laminate strip having a thickness of about 1 mm. 
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Next, this was dewaxed in an oxygen atmosphere at 600°C for 1 hour, and then heated at 1400°C for 10 hours. 
Thus was CJbtained a crystal-oriented ceramic sample. 

After having been surface-polished, the sample was subjected to X-ray diffractometry. In the pattern obtained, no 
peak for 033X1207 was seen, but peaks for the single phase of orthortiombic crystals of CaTiOa were seen. 

Based on the X-ray diffraction pattern of CaTiOa powder which will be mentioned hereinunder. the degree of orien- 
tation of the sample prepared herein, relative to its {100} plane as expressed in the form of a pseudo-cubic system, was 
obtained to be 60 %. 

These data verify that the production m^hod of frie present invention gives crystal-oriented ceramics fiaving a highi 
degree of crystal orientation. In this, the host material was, after having been reacted with the additive, converted into 
the guest material, and remained little in the crystal-oriented ceramic sample obtained. 

Claims 

1 . A crystal-oriented ceramic comprising an isotropic perovsWte-type-structured oxide and having a degree of crystal 
orientation of not smaller than 10 % as measured accxirding to the Lotgering metfiod. 

2. The crystal-oriented ceramic as claimed in claim 1 , wherein at least a part of said oxide is oriented relative to the 
{100} plane of the perovsWte-type structure as expressed in the form of a pseudo-cubic system. 

3. The crystal-oriented ceramic as claimed in claim 2, wherein said oxide further contains at least one element of Bi, 
Sr and Ca. 

4. The crystal-oriented ceramic as claimed in claim 1 , wherein at least a part of said oxide is oriented relative to the 
{110} plane of the perovsWte-type staicture as expressed in the form of a pseudo-cubic system. 

5. The crystal-oriented ceramic as claimed in claim 1 , wherein at least a part of said oxide is oriented relative to the 
{111} plane of the perovskite-type staicture as expressed in the form of a pseudo-cubic system. 

6. A method for producing a crystal-oriented ceramic as claimed in any one of claims 1 to 5, characterized by: 

forming at least a part of said isotropic perovskite-type-structured guest material on the surface and/or in the 
inside of seed crystals of a host material having morpfiological anisotropy, from a raw material capable of form- 
ing a guest material having an isotropic perovskite-type structure; and 

orienting at least a part of the crystal plane or axis of said isotropic perovskite-type-structured guest material 
in accordance with the orientation of the crystal plane or axis of said host materisil. 

7. A method for producing a crystal-oriented ceramic as claimed in any one of claims 1 to 5, characterized by. 

orienting at least a part of the crystal plane or axis of a guest material having an isotropic perovskite-type struc- 
ture in accordance with the orientation of the aystal plane or axis of seed crystals of a host material having 
morphological anisotropy. 

8. The method for producing a crystal-oriented ceramic as claimed in claim 6 or 7, which comprises; 

a mixing step of mixing the host material with the raw material capable of forming a guest material and/or the 
isotropic perovskite-type-structured guest material to give a mixture; 

an orientation step of orienting the crystal plane or axis of the host material in said mixture; and 

a heating step of forming and orienting the guest material in accordance with the crystal plane or axis. 

9. The method for producing a crystal-oriented ceramic as claimed in any one of claims 6 to 8, further comprising a 
conversion step of converting said host material into said guest material in the presence of an additive having the 
ability to convert the host material into the guest material. 

10. A method for producing a crystal-oriented ceramic as claimed in any one of claims 1 to 5, which comprises: 

a step of preparing a host material having morphological anisotropy, a raw material capat)le of producing a 
guest material having an isotropic perovskite-type structure and/or an isotropic perovskite-type-structured 
guest mataial, and an additive having the ability to convert said host material into said guest material or into 
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at least one other guest material having an isotropic perovsldte-type structure; 

an orientation step of mixing said host material, said raw material and/or said guest material, and said additive, 
and orienting the crystal plane or axis of said host material to obtain a primary oriented body; and 
a step of heating and sintering said primary oriented body to obtain an oxide having an isotropic perovskite- 
type structure. 

11. The method for producing a aystal-oriented ceramic as claimed in any one of claims 6 to 10, wherein said host 
material is a particulate composite ceramic having, on at least one part of its surface, the isotropic perovsl<ite-type- 
structured guest material epitaxially formed thereon in advance. 

12. A method for producing a crystal-oriented ceramic as claimed in any one of claims 1 to 5, which comprises: 

a step of preparing a host material having morphological anisotropy and an addit'rve having the ability to con- 
vert said host material into a material having an isotropic perovskite-type structure; 

an orientation step of mixing said host material and said additive, and orienting the crystal plane or axis of said 
host material to obtain a primary oriented body; and 

a step of heating and sintering said primary oriented body to obtain an oxide tiaving an isotropic perovskite- 
type structure. 

13. The method for producing a crystal-oriented ceramic as claimed in any one of claims 6 to 12. wherein said host 
material has a layered perovskite-type structure. 

14. The method for producing a crystal-oriented ceramic having at least one part oriented relative to the {1 1 0} plane of 
the perovskite-type structure as claimed In any one of claims 6 to 1 2, wherein said host material has a structure of 
Sr2Nb207. 

15. The method for producing a crystal-oriented ceramic having at least one part oriented relative to the {1 1 1 } plane of 
the perovskite-type structure as daimed in any one of claims 6 to 12. wherein said host material has a magnetop- 
lumbite-type structure-associated crystal structure. 



16. A device comprising: 



a substrate of a crystal-oriented ceramic of any one of claims 1 to 5; and 

a functional thin film of an isotropic perovskite-type-structured or layered perovskite-type-structured polycrys- 
taliine compound, disposed on the substrate. 

17. The device as claimed in claim 16, wherein the substrate made of poly-crystals has at least one crystal plane ori- 
ented predominantly and not smaller than 20 %> of crystal orientation degrees in the Lotgering method. 
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Fig. 1 
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Fig. 3 
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Fig. 8A 



Fig. 8B 




41 



EP 0 826 643 A1 



Fig. 9A 
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Fig. 10 
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